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Letter of Transmittal 


December 1, 1989 
My Dear Mr. President: 


In accordance with Sec. 4(j)(1) of the National Science Foundation Act of 1950, as 
amended, it is my honor to transmit to you, and through you to the Congress, the ninth 
in the series of biennial Science Indicators reports—Science & Engineering Indicators—1989. 

These reports are designed to provide a broad base of quantitative information about 
U.S. science and engineering research and education and U.S. technology in a global 
context to be used by public and private policymakers in their decisions about these 
activities. 

The data and analyses in this volume are especially important as our Nation seeks to 
define its priorities and programs in this era of rapid global economic, political, and social 
change. The key role of science and technology in achieving our national objectives is 

i vernment and industry, and is reflected in their support of this function. 

This report follows its predecessors in providing basic information on U.S. and foreign: 


¢ Research and development efforts, support, and performance; 

© School science and mathematics education; 

e Higher education for science and engineering; 

© The science and engineering workforce; 

© Technological innovation and high-technology trade; and 

© Public science literacy and attitudes toward science and technology. 


New features in this volume include materials on high school course-taking in science 
and mathematics, state support for R&D, “modeling” the science and engineering labor 
market, comparisons of U.S. and Japanese patenting in the United States, a ‘‘global’”’ 
approach to analysis of data on production and trade in high-tech goods, and com- 
parisons of U.S. and British public attitudes toward science and technology. 

I join my colleagues on the National Science Board in expressing the hope that this 
report will be to your Administration, the Congress, and those concerned with 
formulating and analyzing science and technology policy. 


Respectfully yours, 


Mong of. mk 


Chairman, National Science Board 


The Honorable 

The President of the United States 
The White House 

Washington, D.C. 20500 
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Introduction 


This volume is the ninth in the biennial Science Indicators 
series (and the second entitled Science & Engineering In- 
dicators) initiated by the National Science Board (NSB) in 
1972. The series provides a broad base of quantitative 
information about the structure and function of U.S. 
science and technology (S&T) and comparisons with other 
advanced industrial countries. It is designed to both in- 
form national policymakers who allocate resources to 
these activities and serve as an information resource to the 
S&T community at large. 


The Basic Question of Science and Teciinology Policy 


In this era of rapid global change, the Nation’s key S&T 
policy concern is to identify the kinds, levels, and em- 
phases of the national effort in science and engineering 
research and development (R&D) and education in order 
to: 


© Produce sustained advances across a broad front in 
the understanding of natural and social phenomena 
(basic research); 

© Foster vigorous inventive activity to produce continu- 
ing technological progress (applied research and de- 
vague 

© Combine understanding and invention in the form of 
socially useful and cost-effective products, processes, 
and services (innovation); and 


© Ensure an adequate supply of highly trained and 
talented scientists and engineers to meet the Nation’s 
needs. 


Creating Science and Technology Indicators 


The science, en ing, and technology system is less 
easy to measure than other major functional areas of our 
society such as health, agriculture, or the economy. This is 
due in part to the nature of its primary output— 
knowledge and ideas. People create, communicate, and 
carry ideas; dollars support people. We can and do track 
people and dollars. But we still are unsophisticated in our 
attempts to measure either science as a body of ideas or its 
connections with the social and economic order. Thus, our 
indicators remain—for now—largely measures of aspects 


of science and engineering as sets of activities, rather than 
as particular Sadies af temneiadge. 
The elements of the science, engineering, and technol- 
ogy system in the U.S. can be specified as: 
© The human resources, including working scientists and 
engineers and their technical support and technical 
managers and entrepreneurs; 


© The various organizational settings for conducting 
R&D and technical education; 


xi 


© The substantive findings, research methods, and theories 
embodied—in large part—in science and engineering 
literatures; 


© The physical infrastructure, including research and 
teaching facilities and instrumentation with the most 
advanced capabilities; 


© The necessary financial support for all of these ele- 
iments; and 


© Acultural, economic, and legal context that is supportive 
of these efforts. 


While easy to specify in principle, describing each ele- 
ment and subelement in the system involves many prob- 
lematic research issues. For example, what operational 
definitions should be used for counting scientists and 
engineers? Should it be their formal d ? Their past 
work experience? Their current work activity? And, if all 
three, in what combination? In what sense do the data on 
U.S. patents awarded reflect rates of technical innovation? 
Does the dramatic increase in coauthorship of scientific 
publications reflect real change in the <onduct of research? 

Even more difficult are the problems of tracking and 
analyzing the interactions among these imperfectly mea- 
sured elements—the dynamics of the system. 

Continuing investigation into these questions is a sine 
qua non of improved indicators, and the National Science 
Foundation (NSF) does provide modest funds for extra- 
mural studies in this area. (See the Science Indicators 
Group Program Announcement, available upon request.) 
Descriptions of NSF-supported projects currently under 
way are available in Project Summaries: FY 1987 (NSF 87- 
315). 

About half of the quantitative informaticn in this vol- 
ume is generated by the national surveys. and studies 
conducted on a continuing basis by NSF’s Division of 
Science Resources Studies (SRS). The Division’s Publica- 
tions List: 1978-1988 (NSF 88-335) details these studies; it 
also explains how to obtain detailed statistical tables from 
the various surveys (on computer diskettes), and data sets 
from the SRS Electronic Bulletin Board. Additionally, the 
Publications List references extramural publications deriv- 
ing from SRS-supported studies. For further information, 
call (202) 634-4634. 

This volume also contains considerable information ob- 
tained from outside NSF. The original sources are noted 
throughout the text and tables. In the case of analyses 
specially commissioned for this volume, the Science In- 
dicators Group staff can provide further information. Call 
(202) 634-4682. 


What Is New in This Volume? 


Following the extensive structural changes in Science & 
Engineering Indicators—1987, the approach in the present 


volume has been to consolidate and refine those changes. 
However, a number of new features are also incorporated. 


© A major new study of high school transcripts is an- 
alyzed in the precollege education chapter (chapter i). 


* For the first time, data about colleges and universities 
are broken out by the ie categories of institu- 
tions in the chapter on higher education (chapter 2). 


© Anew “stock-flow” model for analyzing the dynam- 
ics of the science and engineering labor market is 
presented in the chapter on the workforce (chapter 3). 


© The chapter on financial support for R&D includes a 


new section on state support for R&D (chapter 4). 


¢ A new treatment of industrial support of academic 
R&D is included in the chapter on academic R&D, as 
is new bibliometric information on the growth of 
coauthorships of scientific papers (chapter 5). 

© New comparisons of patterns of Japanese and U.S. 
patenting in the U.S. are ted in the chapter on 
industrial R&D (chapter 6). 


© The title of the international chapter has been changed 
to “The Global Markets for U.S. Technology,” reflect- 
ing a new approach to the area which includes U.S. 
internal markets for high-tech goods as an integral 
part of the analysis (chapter 7). 

© The move toward international comparative mater- 
ials on public attitudes towards science and technol- 


ogy, initiated in the 1987 Indicators, is continued in the 
present volume with comparative data from a parallel 
British survey (chapter 8). 


Additionally, we have incorporated several new presen- 
tation techniques for enhanced readability and reader ac- 
cessibility. These include “sidebar”’ stories accompanying 
the main text, changed Highlights formats, chapter-spe- 
cific tables of contents, and a list of acronyms (appendix 
Ii). 
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Overview of U.S. Science and Technology 


SYNOPSIS 


The decade-long (1975-85) uninterrupted expansion of 
support for U.S. science and technology (S&T) has leveled 
off in recent years (1985-89). With some important excep- 
tions, most indicators of U.S. S&T show significant slow- 
downs and downturns. For example: 


¢ Growth rates have slowed in both research and de- 
velopment (R&D) funding and science and engineer- 
ing (S/E) personnel. 


© While the U.S. still spends more on R&D than the next 
four industrialized countries combined, some inter- 
national competitors (e.g., Japan and West Germany) 
have drawn ahead of the U.S. in terms of R&D expen- 
ditures as a percentage of gross national product 
(GNP). 


¢ In several areas, U.S. producers of high-tech goods 
have lost significant global market shares. 


© National and international indicators of U.S. school 
mathematics and science performance show little im- 
provement, despite continuing major reform efforts. 


e US. university and college freshmen show a down- 
ward trend in their choice of undergraduate majors in 
some S/E fields. Although undergraduate S/E de- 
grees awarded have remained at about 30 percent of 
all bachelor’s degrees awarded for the past 3 years, the 
freshman shift away from S/E majors portends re- 
duced S/E degrees in coming years. 


© Increases in graduate S/E enrollments (in doctorate- 
granting universities) slowed from ai. average annual 
rate of 2 percent from 1980 to 1987 to a 1-percent 
increase from 1987 to 1988. 


© Foreign students continued to increase (and U.S. citi- 
zens to decrease) their share of graduate S/E enroll- 
ments and S/E Ph.D. degrees granted by U.S. univer- 
sities in all broad S/E fields except psychology. 


@ One area of continuing growth (albeit at a slightly 
slower rate than that of the past decade) is support for 
basic research and R&D in universities and colleges. 
This support has no doubt assisted the U.S. in main- 
taining its share of world scientific and technical liter- 
ature. 


Support for U.S. R&D continues to grow in constant-dol- 


lar terms, but at a much slower rate than has been the case 
for the previous decade and a half. Although total R&D 
expenditures grew at an annual rate of almost 6 percent 
from 1975 to 1985, the rate of growth for 1986 to 1989 is 
estimated at about 2 percent per annum. 

The slower pace of U.S. R&D growth in recent years is 
also reflected in a U.S. lag of 3 consecutive years behind 


Japanese and West German R&D expenditures as a per- 
centage of GNP. 

The recent slowdown in funding growth is most dra- 
matic for the development and applied research com- 
ponents of R&D (1-percent estimated annual growth rate 
from 1986 to 1989); basic research expenditures slowed 
only slightly to an estimated annual growth rate of 3 
percent (in constant dollars). These trends are largely due 
to two sets of policy decisions. First, Federal S&T policy 
has moved toward reducing the rate of increase in defense 
R&D s ing and toward maintaining growth in basic 

and academic R&D. And in the industrial sector, 
corporate R&D decisionmakers have slowed their rate of 
growth in company funding of R&D. 

While the U.S. continues to be the world’s foremost 
supplier of high-tech products, its lead is shrinking. The 
U.S. share of global markets for high-tech goods, which 
declined during the 1970s and then recovered in the first 
half of the 1980s, showed renewed weakness in the latest 
period measured (1985-86). During this period, U.S. pro- 
ducers lost both domestic and foreign market shares. 
However, the U.S. trade balance in high-tech goods 
showed a slight upturn back into a positive balance in 
1987; this followed a 7-year period of decline and a first- 
ever deficit in 1986. In terms of innovation, U.S. patent 
applications and awards—both indicators of a country’s 
S&T innovation—have increased in the recent period, but 
not as rapidly as foreign patenting in the United States. 

Since measurements began in 1957, the U.S. public has 
exhibited strong positive beliefs about the beneficial con- 
tributions of science and technology to society. Data from 
a 1988 survey of public attitudes toward S&T showed a 
reaffirmation of public confidence in the societal benefits 
of S&T. Previously, such confidence had wavered some- 
what, as detected in two surveys conducted after the Na- 
tional Aeronautics and Space Administration space shut- 
tle accident in January of 1986 and the Chernoby] nuclear 
plant accident the following May. 


U.S. R&D INVESTMENTS IN A WORLD CONTEXT 


In the world context, the United States spends more on 
R&D than the next four largest countries—Japan, West 
Germany, France, and the United Kingdom—combined. 
Over the past decade, the U.S. has more or less maintained 
its share of the combined R&D budgets of the five coun- 
tries: 56 percent in 1975 versus 54 percent in 1986. This 
share was significantly reduced from the 68-percent share 
the U.S. enjoyed in 1966. (See figure O-1.) 

Despite the differences in total expenditures, in 1987, the 
major noncommunist industrialized countries each in- 
vested approximately the same percentage of their GNPs 
in R&D. Gee figure O-2.) Both Japan West Germany 
have now exceeded the U.S. on this indicator for 3 years 
(1985-87). 


The nature of R&D investments has an important bear- 
ing on their economic contributions. If only nondefense 
R&D is considered, Japan and West Germany have been 
ahead of the U.S. for nearly two decades; additionally, 
their rate of civilian R&D investment as a percentage of 


O-2. 
expenditures as a percentage of GNP, by 
country 
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Note: Data for some years are estimated. 
See appendix table 4-19 and p. 96. 
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GNP has been rising faster than that of the U.S. since 1981. 
(See figure O-3.) U.S. investment in nondefense R&D as a 
percentage of GNP has declined for at least 2 years. 

The overall rate of increase of U.S. R&D expenditures 
has slowed considerably in recent years. While total na- 
tional expenditures for R&D grew at an annual rate of 
almost 6 percent from 1975 to 1985 (in constant dollars), 
the rate of growth for the most recent period (1986-89) is 
estimated at only about 2 percent annually. The rapid rate 
of increase of development funding in the early 1980s has 
shrunk to an estimated annual rate of less than 1 percent 
in 1989. On the other hand, funding for basic research has 
continued to grow at only slightly less than its 1975-85 rate. 
(See figure O-4 and appendix table 4-5.) 


Changing growth rates in U.S. R&D expenditures are 
also evident in figure O-5, which displays defense and 
nondefense R&D by character of work. The massive in- 
crease in defense development expenditures from 1980 to 
1985 was reduced to a very small growth rate by 1989. In 
civilian R&D, basic research maintained a significant 
growth rate in both periods, while civilian applied re- 
search and development expenditures remained approx- 
imately constant from 1986 to 1989 after suffering large 
cuts between 1980 and 1985. 
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90,000 
——— Current dollars 
80,000 + ****-* Constant 1982 dollars 
60,000 + 
Development 
40,000 + Pa or 
20,000 }- 4 
<=— Basic research 
© rrr rvee et ee eee ee ee ee ee ee 
1960 1965 1970 1975 1980 1965 1969 
Note: See footnotes, table 4-3. 
See appendix tables 4-3, 4-4, and 4-5; and p. 89. 
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International Comparisons 


Recent years (1984-86) have seen a slowing in the rate of 
growth of U.S. scientists and engineers engaged in R&D 
per 10,000 workers in the labor force. After two decades of 
rapid growth, Japan has now caught up with—and, in fact, 
slightly exceeds—the U.S. on this indicator. Japan has 67 
researchers per 10,000, compared with 66 for the United 
States. France and West Germany continue to increase at 
about the same rate as the U.S., while in the United King- 
dom, the growth of researchers in the labor force has 
remained flat since 1981. (See figure O-6.) 


Figure O-5. 


Relative changes in Federal obligations for defense and nondefense R&D, by character of work 
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Closely paralleling the international comparative data 
on R&D funding, the U.S. in 1986 awarded more first 
academic degrees in natural science and engineering 
(NS/E) than the next four largest noncommunist countries 
combined—about 214,000 persons versus about 175,000, 
respectively. (See appendix table 3-18.) The five countries 
also vary considerably in the proportion of first academic 
degrees that are in NS/E fields, as well as in the relative 
proportions of natural science to engineering degrees. (See 
figure O-7.) The U.S. and Japan have the smallest propor- 
tions of all first university degrees in NS/E fields—20 
percent and 26 percent, respectively—while France and 
the United Kingdom have the highest proportions (47 
percent and 40 percent, respectively). Among the NS/E 
fields in Japan and France, first engineering degrees out- 
number natural science degrees—in Japan, by a factor of 
four to one. In 1986, Japan—which has half the population 
of the U.S.—graduated about 73,000 engineers, a number 
almost equal to U.S. engineering degrees awarded in that 
year (77,000). In contrast, in both the U.S. and the United 
Kingdom, natural science degrees outnumber engineering 
degrees by nearly two to one. 


Scientists and engineers engaged in R&D per 10,000 
labor force, by country 


(Per 10,000 labor force) 
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Private Sector Employment of U.S. Scientists 


and Engineers Raa 
Between 1977 and 1988, S/E employment in the private First u university degrees, by field and country: 1966 
sector expanded at more than twice the rate of total em- 
ployment. (Percent of ali degrees) 
This trend encompassed major changes in the occupa- 30 
tional and industrial mix of S$/E employment. For ex- S| epestetioneee ka Engineering 


ample, S/E employment in services-producing industries 
grew 103 percent over the period, compared to a 38-per- 
cent growth in total services employment. (See figure O-8.) 
S/E employment growth in the goods-producing sector 
stemmed from an increased share of a declining total in 
manufacturing jobs. 

The expansion of the services-producing industries has 
been a key factor in the extraordinarily rapid growth of 
computer specialists between 1980 and 1988. (See figure 
O-9.) 


United France West Japan United 


States Germany Kingdom 
See appendix table 3-18 and p. &2. 
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Women in S/E 


Women scientists and engineers represented about 13 
percent of the S/E workforce in 1986, up from 11 percent 
in 1980. (See figure O-10.) By field, women accounted for 
a much larger share of employment among scientists than 
among engineers—26 percent versus 4 percent. Between 
1980 and 1986, women experienced small percentage 
losses in the mathematics and environmental sciences, but 
achieved sizeable gains in the physical and life sciences. 
Small percentage gains were made in all engineering sub- 
fields. 


Precollege Science and Mathematics Education 


U.S. school children continue to perform below the lev- 
els obtained by their age groups in other countries on 
science and mathematics achievement tests. In a 1988 in- 
ternational mathematics and science assessment of 13- 
year-olds in five countries and several Canadian provin- 
ces, U.S. children scored lowest of all the populations in 
mathematics and below the mean in science. (See figure 
O-11.) 


Figure O-10. 
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There are signs, however, that the two-decade-long de- 
cline in mathematics and science achievement test scores 
of U.S. children may be turning around. Slight improve- 
ments in science and mathematics achievement trends 
were detected in the 1986/87 National Assessment of Ed- 
ucational Progress studies. (See figures O-12 and O-13.) 
Trends for 9-, 13-, and 17-year-olds across five national 
assessments in science since 1970, and four in mathematics 
since 1973, reveal a pattern of initial declines followed by 
subsequent recovery in all three age groups. In mathe- 
matics, 9- and 13-year-olds scored slig'itly higher in 1986 
than in 1973. Scores for 17-year-oJc students, however, 
showed small declines. In science, the recent improve- 
ments have not yet brought scores uy to their 1969 levels 


in any age group. 


Higher Education 

The interest of U.S. university and college freshmen in 
computing and engineering majors continues to decline. 
(See figure O-14.) However, a small increase in interest in 
a biological science major is apparent in the latest data, as 
well as renewed interest in the social sciences. Business, 
education, and the arts and humanities all register gains in 
student interest as evinced by choice of major. 

While S/E degrees have remained about 30 percent of 
all bachelor’s d in recent years, the downturn in 
freshman choice of S/E majors portends a reduction inS/E 
degrees in coming years. (See appendix tables 2-11 and 
2-12.) Despite an increase in freshman engineering enroll- 
ments in 1988, decreases in engineering baccalaureates 
should continue for several years due to declining enroll- 
ments from 1983 to 1987. (See appendix table 2-5.) 

At the graduate level, overall enrollments in science and 
engineering programs increased by 1 percent in 1988 over 
1987, a significant drop from the 1980-87 trend of an aver- 
age annual 2-percent increase. (See figure O-15.) Engineer- 
ing, computer science, and environmental science enroll- 
ments show the most dramatic declines. However, several 
science fields i increased rates of enrollment. 
These included the life and social sciences, psychology, 
and mathematics. 
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technical articles, by field: 1973, 1961, and 1986 


1973 1981 1986 
Percent 
Alifields .............. 38 3 K} 
Cinical medicine ..... 43 41 40 
Biomedicine ......... 39 40 38 
Biology ............. 46 38 38 
Chemisty ........... 23 20 22 
Physics ............. 33 29 30 
EastiVepace sciences .. 47 43 43 
Enginesringftechnology 42 41 37 
Mathematics ......... 48 38 4 
See appendix table 5-23 and p. 120. 
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Growth in graduate S/E enrollments—-albeit slowed— 
continues to be fueled by registrations of non-US. citizens. 
In doctorate-granting institutions, registration in graduate 
S/E programs of non-US. citizens accounted for the entire 
growth in total enrollments from 1987 to 1988. (See appen- 
dix table 2-8.) Non-U.S. citizens on temporary visas make 
up more thana third of S/E graduate students in engineer- 
ing, mathematics, computer science, and the physical sci- 
ences. (See figure O-16.) 


KNOWLEDGE CREATION AND APPLICATION 


One measure of the relative strength of U.S. scientific 
research is the share of articles written by U.S. authors in 
the world’s leading S/E journals. From 1973 to 1986, the 
U.S. more or less maintained its share of a little over 
one-third of world articles in most fields. E. ssion of the 
U.S. share occurred in biology and mathematics—each of 
which lost 8 percentage points of its world share during 
this period. (See text table O-1.) 

The data on international coauthorship of scientific ar- 
ticles suggest an increasing internationalization of scien- 
tific research. In the 1976-86 decade, most of the major 
countries studied virtually doubled the percentage of their 
papers coauthored with foreigners. (See figure O-17.) 
About 10 percent of all U.S. papers were coauthored with 
one or more foreign authors in 1986, as compared with 
about 6 percent in 1976. Western European countries 
ranged from 15 percent to 20 percent; Japan and the USSR 
had the lowest rates of foreign coauthorship. 
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Note: An articte is attributed to a country if one or more authors is from 


that country . 
See appendix table 5-28 and p. 121. 
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O-18. 
patents granted to foreign inventors, by 
nationality of inventor 
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Note: Estimates are shown for 1961-88. 
See appendix table 6-6 and pp. 135-36. 
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US. inventors are increasing their numbers of successful 
patent applications in the U.S., but foreigners are acquiring 
US. patents at a significantly faster rate than are U.S. 
applicants. From application date 1970 to 1983, the annual 
number of U.S. patents granted to U.S. inventors fell from 
about 46,000 to 34,000, but has risen to about 45,000 in 1988. 
(See appendix table 6-6.) However, the proportion 
awarded to foreigners of all successful patent applications 
rose from 30 percent in 1970 to nearly half (48.5 percent) in 
1987. Japanese inventors were by far the most active in 
increasing their U.S. patenting. (See figure O-18.) 


RESEARCH AND DEVELOPMENT 


The relative magnitudes of the various R&D-perform- 
ing sectors in the U.S. have stayed fairly constant over the 
decades, with some slight fluctuations. Industry has per- 
formed around of all R&D, Federal labor- 
atories and academic institutions around 10 t each, 
and other entities around 5 percent. (See appendix table 
4-2.) The very rapid growth of R&D in industry and gov- 
ernment during the early 1980s has been replaced by 
growth rates of less than 2 percent in the late 1980s. Only 
the academic sector shows a higher rate of R&D growth in 
the late 1980s than in the earlier part of the decade. (See 


figure O-19.) 


Figure O-20. 
Source of academic R&D funding, by sector: 1969-89 
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Figure O-19. 


Change in U.S. R&D expenditures, by performer: 
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The continuing growth of academic R&D is being 
achieved (in some measure) with increasing support from 
non-Federal sources. (See figure O-20.) Institutional and 
industrial sources of support show a slow—but consis- 
tent—pattern of increased R&D funding over the past two 
decades, with quickening § support in the 1980s. All fields 
of academic R&D have s this growth, but to dif- 
fering degrees. (See figure O-21.) The most rapid rate of 
expansion of academic R&D expenditures has taken place 
in computer science, engineering, and the mathematical 
sciences, but the medical and biologic al sciences continue 
to lead in absolute expenditures. 
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SCIENCE AND TECHNOLOGY IN 
THE MARKETPLACE 


U.S. High-Technology Performance in Global Markets 
From 1970 to 1986, U.S. ucers of high-tech goods 


decreased their share of markets for such 
from about 50 t to 40 t. (See 
However, almost all of this loss was due toa 
of domestic U.S. markets for high-tech goods. 


world U.S. markets for U.S. - 
sapatuntiy tuaseaned ditaidly Guillen ia qutel oun 
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U.S. producers of high-tech goods export about three 
times the tage of their total shipments as compared 
with ucers of non-high-tech manufactured products. 
(See figure O-23.) There has been little change over the past 
decade in the areas of high-technology where U.S. pro- 
ducers are most active in exporting. Aircraft and parts and 
office and computing machines remain the most export- 
intensive industries, and drugs and medicines, plastic ma- 
= synthetics, and guided missiles and spacecraft 

least. 


Science and Technology in U.S. Industry 


The latest estimates of U.S. industrial R&D activity show 

a flattening rate of increase of R&D expenditures after 
1985. The previous decade (1975-85) saw continuous 
of industrial R&D from both corporate and Federal 
sources. (See figure O-24.) There was virtually no real 
in Federal funds for industrial R&D from 1985 to 

1986. Company funds for R&D have continued to grow, 


21.0 


See appendix table 7-9 and p. 153. 


but at a much slower rate than during the decade before 
1985. 

During the 1975-85 decade, high-tech industries exhibi- 
ted the bulk of the rapid growth in corporate R&D. Es- 
timates for 1986 (the latest year for which industrial R&D 
data are available by industry) show a downturn in R&D 
expenditures (in constant 1982 dollars) in the high-tech 
manufacturing industries. (See figure O-25.) This trend 
may be slightly exaggerated—as may be the opposite up- 
ward trend in R&D expenditures among “other manufac- 
turing industries’ —by changes in the classification of cer- 
tain major companies. But the principal finding of a 
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slowdown in R&D expenditures among high-tech man- 
ufacturing companies is not in dispute. 

Through 1987, industry continued to increase its sup- 
port of R&D in universities. (See figure O-20.) In that year, 
industry supplied a record high of 6.4 percent of total 
academic R&D funds. The continuing interest of corpora- 
tions in university research is also reflected in the in- 
creased rate at which industrial and academic scientists 
and engineers collaborate in authoring scientific papers. 
(See figure O-26.) The percentage of all industrially au- 
thored papers which are coauthored with academic re- 
searchers almost doubled between 1976 and 1986 (15 per- 
cent and 28 percent, respectively). 
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Figure O-26. 
Proportion of 
academic sector, by 


(Percent of industry articles) 
Note: All articles with one or more industry authors are counted as 


industry articles. 
See appendix table 5-32 and p. 121. 
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Sen appendix table 6-2 andp. 130. See appendix table 6-3 and pp. 131-32. 
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PUBLIC ATTITUDES TOWARD SCIENCE 
AND TECHNOLOGY 


Over the decades, the U.S. public has held a remarkably 
stable and optimistic view of the contributions of science 
to society. This stability even in the face of major 

accidents. Figure O-27 shows the changes in 
US. ic opinion as reflected in surveys before and after 
the and Chernobyl accidents. 

A fall 1985 survey showed the traditional finding that 
about of the U.S. public believe that, on 
balance, the benefits of scientific research outweigh the 
harms to . Inaddition, as in previous surveys, those 
who believe that the benefits “ y” outweigh the 
harms outnumber those who believe that the benefits 
“only slightly” outweigh the harms by a margin of two to 
one. 
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Two weeks after the Challenger accident on January 28, 
1986, the individuals in the November 1985 survey sample 
were resurveyed. While the overall percentage acknow- 
ledging that the benefits of scientific research outweigh the 
harms remained about the same, there was a complete 
reversal of the percentages holding this view strongly or 
only slightly. This reversal was maintained when the same 
sample was questioned a third time in June 1986, after the 
Rogers Commission had completed its report on the Chal- 
lenger accident, but also 6 weeks after a second major 
technological accident had occurred at the Chernobyl nu- 
clear power plant. The results of the three surveys sug- 

that technological disasters may have sig- 
nificantly eroded the strongly positive attitudes toward 
scientific research long held by the U.S. public. 

However, a new national sample surveyed 2 years later 
in July 1988 showed that public attitudes had reverted to 


their oe Tem accident configuration—inclu 
overall ceive assessment as well as the sciginal 
—— of the of the convictions. 

Newly dev internationally coordinated = 
of public attitudes toward S&T are beginning to yield 
in national variations in public of and 
knowledge about S&T. Recent national samples of public 

in the U.S., Britain, Japan, and the European Com- 

similar patterns of knowl- 
on scientific questions—with one ma- 
jor exception. (See figure O-28.) The British and the EC 
score a little better than do Americans on the question of 
the simultaneous existence of humans and dinosaurs; the 
USS. and the EC score a little better than Britain on whether 
the earth moves around the sun. Large majorities in all 
three countries and the EC give the correct answer on 
continental drift. 

On the issue of the evolution of the human species, 
however, the U.S. public differs markedly from the other 
samples. Less than half of the U.S. respondents agreed 
with the statement about evolution, as com with 75 

percent to 80 percent of the British and Japanese and 62 
eg t of the EC respondents. The U.S. pattern reflects a 
tory of political a legal controversy on questions of 
biological evolution rooted in strongly held cultural or 
religious beliefs. 


Figure 0-28. 


Public knowledge on selected scientific questions, by country 


Human beings developed 
from earlier species of animals. 


Humans lived at the 
same time as dinosaurs. 


The earth moves 
around the sun. 


The continents are moving 
slowly over millions of years. 


(Percent) 
0 10 20 30 40 50 60 70 80 90 100 
T T T T T T T T T T T 
Agree Disagree Don't know 


Cc 
” 


Britain 


i 


m 
oO 


c 
” 


m 
. . © 


Britain 


c 
77) 


Britain 


m 
oO 


c 
7) 


Britain 


Japan 


m 
oO 


Notes: The U.S. and British data are from 


conducted in the fail of 1968; the Japanese data are from a survey conducted in the winter of 1985; the European 


Community (EC) data are from surveys conducted in the 12 EC countries in the spring of 1989. For the precise question wordings, see the appendix tables cited. 


See appendix tables 8-3, 8-4, and 8-7, and pp. 165-69. 
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Precollege Science and Mathematics Education 


HIGHLIGHTS 


Student Achievement 


© Following a wave of school reforms in the early 1980s, test 
scores on national science achievement tests have shown slight 
increases during the 1980s. Achievement trends for 9-, 13-, 
and 17-year-old students from 1970 to 1986 show a 
pattern of initial declines followed by subsequent up- 
turns for the three age groups. However, the recent 
improvements did not offset earlier decreases in test 
scores, and student scores in 1986 remained below 1970 
levels for the three age groups. (See p. 22.) 


Mathematics achievement showed a similar pattern, with 
students attaining slightly higher scores on national achieve- 
ment tests in 1986 than in 1978. While 9- and 13-year-olds 
scored slightly higher in 1986 than in 1973, scores for 
17-year-olds were slightly lower. (See p. 24.) 


In both science and mathematics, the largest increases in test 
scores occurred among the ethnic/racial groups that had per- 
formed comparatively poorly in earlier assessments. For ex- 
ample, 9- and 13-year-old blacks and Hispanics showed 
larger gains in science test scores than did whites be- 
tween 1977 and 1986, and the same findings applied to 
mathematics scores for 9-, 13-, and 17-year-olds between 
1978 and 1986. (See pp. 22,25.) 


Despite these recent improvements, average black and His- 
panic students were still far behind white students in achieve- 
ment scores in 1986. In 1986, the average 17-year-old black 
or Hispanic student performed at the same level as the 
average 13-year-old white student in the science and 
math achievement tests; the average 13-year-old black 
or Hispanic student performed at the average 9-year-old 
white student level in science. (See pp. 22,25.) 


In an international mathematics and science assessment of 


13-year-olds conducted in five countries and four Canadian 
provinces in 1988, U.S. students scored lowest among the 12 
populations in mathematics and fourth lowest in science. 
South Korean students demonstrated the highest over- 
all mathematics achievement, and British Columbian 
and South Korean students had the highest science 
scores. (See pp. 27-28.) 


In another international science assessment, students at the 
5th, 9th, and 12th grade levels in the U.S. performed poorly 
compared with their counterparts in other countries. For 
example, among students taking a particular science 
course in their final year of high school, of the 13 coun- 
tries tested, U.S. students placed last in biology, 11th in 
chemistry, and 9th in physics. (See pp. 28-29.) 


Student Coursework 


© Largely as a result of school reform movements, the average 
number of courses U.S. high school students take in science, 


mathematics, foreign languages, and computer science has 
increased proportionally more than it has in other academic 
subjects. Students took an average of one semester more 
of mathematics in 1987 than in 1982, and enrollments in 
advanced mathematics classes were up by about a third. 
Course-taking in science was also up, with the percent- 
age of high school students taking a course in biology 
increasing from 75 percent in 1982 to 90 percent in 1987; 
increases also occurred in the percentages of students 
taking chemistry (from 31 percent to 45 percent) and 
physics (from 14 percent to 20 percent). (See p. 32.) 


© In the international science survey conducted in 1988, U.S. 
students spent less time on regularly scheduled hands-on 
activities than did any of the other 12 populations in the 
assessment. While U.S. teachers believe that hands-on 
activity is the most effective method for teaching sci- 
ence, 38 percent of elementary school teachers reported 
that they use classrooms with no science materials or 
facilities, and less than half of secondary school teachers 
said they had access to a general-purpose science 
laboratory. (See pp. 34-36.) 


© The amount of time spent teaching science and mathematics 
in elementary school remained the same between 1977 and 
1986. In grades 4-6, science teaching averaged about 30 
minutes per day, and mathematics teaching about 50 
minutes per day. (See pp. 34-35.) 


Teachers and Teaching 


© A 1986 study of the courses that science and mathematics 
teachers took in college showed that a substantial proportion 
failed to meet recommended standards for teacher preparation. 
Only 34 percent of elementary school teachers who 
teach science met all of the standards of the National 
Science Teachers Association (NSTA). An even smaller 
percentage (22 percent) of grades 7-9 teachers of science 
met the full standards. At the high school level, 29 
percent of biology teachers, 31 percent of chemistry 
teachers, and 12 percent of physics teachers met all of 
the NSTA standards. In mathematics, 18 percent of ele- 
mentary school teachers met all of the National Council 
of Teachers . Mathematics’ recommended standards, 
while onl ee of grades 7-9 teachers, and 15 
percent of grades 10-12 teachers, met these standards. 
(See pp. 37-39.) 


© Among high school math teachers, 29 percent had taken no 
college math courses in the previous 10 years; the comparable 
figure for science teachers was 25 percent. In a national 
survey conducted in 1986, teachers of science and math- 
ematics said that they typically had spent less than 6 
hours in professional development in these subjects 
during the prior 12 months. (See p. 39.) 


A well-educated and trained workforce is essential to 
maintaining the Nation’s domestic progress and world 
competitiveness, as well as individual progress and pros- 
perity. Nationally, investment in education is one of the 
important sources of productivity and earnings. For ex- 
ample, recent studies indicate that, in the postwar period, 
increases in human capital have contributed 10 percent to 
20 percent of real economic growth and a similar percent- 
age of the gains in economic productivity. From an in- 
dividual standpoint, workers with more schooling not 
only have higher earnings but also safer, more comfortable 
working conditions and lower rates of unemployment. For 
example, the unemployment rate for workers with fewer 
than 4 years of high school is double that of workers who 
completed 4 years of high school.' 

The education system can be thought of as a “pipeline” 
through which students pass, increasing their educational 
level. Through elementary school and much of secondary 
school, nearly all students are part of this pipeline. But, as 
students make decisions about higher education, the pipe- 
line diminishes in size. Particularly important is the period 
from 6th to 12th grade, when individual students make 
decisions about which courses to take—and not to take— 
which areas of the educational curriculum in which to 
specialize, and which careers to pursue. 

As individuals make these plans about their academic 
future, they are influenced by a number of factors, inchd- 
ing family and peer aspirations and motivation, the media, 

and counselors, and testing practices.? Also, the 
content and quality of elementary and secondary educa- 
tion helps determine individuals’ academic preparation 
for college, their likelihood of graduating from college, 
and their ability to derive the greatest benefit from a col- 
lege education.? 

Because the abilities, attitudes, and aspirations of to- 
day’s elementary and secondary students directly affect 
the quality of the Nation’s future college-bound popula- 
tion—and ultimately the skill of the Nation’s human re- 
sources—several prominent and troublesome trends need 
to be examined: 


¢ Despite recent improvements with respect to some 
age and ethnic/racial groups, both participation and 
achievement by U.S. elementary and secondary stu- 
dents in science and mathematics are lagging behind 
previous years and other countries. 


¢ Participation of women and minorities in science and 
mathematics, although improving in recent years, still 
is below the average white male. Achievement of 
minorities in science and mathematics remains well 
below that of whites. 


¢ Compared with students in other developed coun- 
tries, American students demonstrate lower achieve- 
ment in problem solving and higher-order thinking. 


¢ Many students, particularly those in less affluent 
schools, are taught by teachers of science and mathe- 


‘Council of Economic Advisers (1988), pp. 166 and 170. 
2OTA (1988a), p. 5. 
SOTA (1988b), p. 3. 
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In the early 1980s, the widespread nature of these and 
other problems was drawn to the Nation’s attention in a 
spate of national reports, all of which recommended ex- 
tensive school reform. More recently, education leaders in 
all 50 states, as well as numerous local education agencies, 
have initiated activities to set standards for schools or 
students.‘ Among the specific problems identified were 
declining student performance, dilution of graduation 
standards, and a high school curriculum loaded with elec- 
tives. 

Asa result of the numerous commissions and the recom- 
mendations contained in their reports, extensive reforms 
were launched, including, for instance, increasing the 
number of course credits required to graduate, regulating 
and standardizing curricula through state frameworks or 
guides and through the selection of textbooks, and testing 
for student mastery of basic skills and/or proficiency in 
subject matter areas.° The intent behind this broad range 
of policy initiatives was to raise student performance and 
exert some form of quality control over the process of 
education.® And while several national studies discussed 
in this chapter have shown some overall positive results in 
student achievement and student course-taking, many 
States are now in the process of conducting their own 
studies to evaluate the effectiveness of these reforms. 


Structure of the Chapter 


This chapter consists of three major parts, organized to 
discuss the indicators in the categories used by the Nation- 
al Research Council’s (NRC) Committee on Indicators of 
Precollege Science and Mathematics Education.’ The com- 
mittee was charged with (1) developing a framework, as 
far as possible, using existing data to provide a baseline; 
and (2) suggesting what data and analyses will be needed 
in the future for a continuing portrayal of the condition of 
precollege science and mathematics education. The NRC 
committee defined the concept of an “indicator” as a 
measure that conveys a general impression of the state or 
nature of the structure or system being examined. While it 
is not necessarily a precise statement, it gives sufficient 
indication of a condition concerning the system of interest 
to be of use in formulating policy. 

To identify the central concepts relevant to the science 
and mathematics education system, the committee mod- 
eled the educational system in terms of inputs, processes, 
and outcomes. The committee then recommended monitor- 
ing the following key schooling variables: 


© Inputs—teacher quantity and quality, and curriculum 
content; 


© Processes—instructional time /course enrollment; and 


‘Moyer (1987), p. 1. 
‘Ibid. 

*Capper (1988). 

’Raizen and Jones (1985). 


© Outcomes—student achievement. 


The committee considered student achievement to be 
the primary indicator of the condition of science and math- 
ematics education, since the acquisition of knowledge is 
the main reason for the existence of formal education. 
Input and process variables were selected that research 
had shown to be related to student achievement; namely, 
exposure to a subject (instructional time/course content), 
the number and qualifications of teachers with instruction- 
al responsibilities in science and mathematics, and the 

ity to learn these subjects as reflected in the con- 
tent of the curriculum. 

This chapter presents most recent data on the above-dis- 
cussed variables, arranged in accordance with the com- 
ames S ced model of the education system. The 

reviews recent educational reform efforts that 
tn been established to improve the quality of student 
learning, classroom instruction, teacher performance, and 
curriculum content. 


STUDENT ACHIEVEMENT 


In the 1985/86 academic year, the National Assessment 
of Educational (NAEP) tested national samples 
of 9-, 13-, and 17-year-olds in science, mathematics, and— 
for the first time—computer competence. These results 
permit a 17-year trend analysis for five assessments in 
science (conducted in 1970, 1973, 1977, 1982, and 1986) and 
a 14-year trend analysis for four assessments in mathe- 
matics (performed in 1973, 1978, 1982, and 1986). Also, for 
the first time, the results in science and mathematics were 
scaled according to various levels of proficiency.’ 


Science Achievement 


While overall trends in science achievement for 9-, 13-, 
and 17-year-olds across five national assessments from 
1970 to 1986 do not reveal dramatic changes, they do show 
a pattern of initial decline followed by subsequent re- 
covery at all three age levels.’° (See appendix table 1-1.) 
These recoveries, however, have not yet compensated for 
the declines. Declines from the 1970 levels occurred in 
assessments conducted in 1973 and 1977, but these were 


followed by upturns in performance between 1982 and 


*The following information draws heavily on three reports published 
by the National Assessment of Educational section of the Educa- 
tional Testing Service under the heading “The Nation’s Report Card.” 
See NAEP (1988a), (1988b), and (1988c). 

*Briefly, the statistical methodology used to develop these proficiency 
scales involved the computation of percentages of students giving var- 
ious responses to the assessment items and using Item Response ry 
(IRT) technology to estimate levels of science and mathematics achieve- 
ment for the Nation and for various subpopulations. IRT defines the 
cenpe e/ of answering a given item correctly as a mathematical func- 

level or skill and certain characteristics of the item. 
i ciiletenastoecits daliead ne densditantietemn-atentenn ont 


mathematics that most students attaining that proficiency level 
would be able to successfully. (See appendix tables 1-2, 1-7, 1-13, 
and 1-14.) Science and mathematics specialists examined these empiri- 


cally selected item sets and used their professional judgment to charac- 

terize each proficiency level. For a detailed description of the statistical 

methodology used, see NAEP (1988a) or (1988b), pp. 132 and 141. 
"NAEP (1988a). 


1986. In 1986, however, average achievement at ages 13 
and 17 remained below that of 1970; at age 9, average 
achievement just returned to where it was during the first 
assessment of 1970. (See figure 1-1.) 


Figure 1-1. 
National trends in average science achievement: 
1970-86 
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Achievement by Minorities. Despite recent gains, the 


average achievement of both 13- and 17-year-old black and 
Hispanic students remains at least 4 years behind that of 
their white peers. (See figures 1-2, 1-3, and 1-4.) From 1977 
to 1986, white students at ages 9 and 13 tended to show 
slight improvements; black and Hispanic students at these 
ages showed larger gains. Although all three ethnic/ racial 
groups at age 17 improved from 1982 to 1986, only black 
students showed important gains across the 9-year span 
from 1977 to 1986. As a result of recent improvements, 
17-year-old black students surpassed their 1977 perfor- 
mance in 1986, while Hispanic and white students did not. 

Achievement by Females. At all three ages—but par- 
ticularly at age 17—the science achievement of females in 
1986 was below that of males, a trend that has persisted 
throughout the 17 years of assessments. The science 
formance of 9-year-old females in 1986 remained slightly 
below that of 1970, and the performance gap between 
males and females at age 9 has increased somewhat during 
that time. The performance gap between 13-year-old 
males and females consistently widened across the five 
assessments. At age 17, although the gap between the sexes 
continued, trends in ormance were comparable for 
males and females: both groups showed steady declines in 
performance from 1970 to 1982 and improvements from 
1982 to 1986. (See appendix table 1-1.) 


Level of Student Proficiency in Science 


Based on a review of the NAEP test items by science 
specialists, the NAEP results were used to describe five 
levels of student proficiency:" 


"See footnote 9 and appendix table 1-2. 
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© Knows everyday science facts. 

© Understands simple scientific principles. 

e Applies basic scientific information. 

e Analyzes scientific procedures and data. 

e Integrates specialized scientific information. 

These performance levels can be characterized as the 
interaction between knowing about science and gaining 


the ability to perform scientific experiments and using 
scientific information to infer relationships and draw con- 


A A s A. A. A A = A A. 


clusions.” The science specialists who constructed the 
NAEP items established the level at which students have 
the ability to analyze scientific procedures and data as 
characterizing “’. . . the sort of scientific literacy one might 
expect to be universally held by members of society.” 

Results of the NAEP analyses of the five levels of student 
proficiency show that, although recent progress has been 
made in average student proficiency, most of this has 
occurred at the lower end of the scale in the areas of basic 
knowledge and elementary interpretation of scientific in- 
formation."* (See appendix tables 1-3, 1-4, and 1-5.) Ap- 
proximately 10 percent of junior high school students and 
only about 40 percent of high school students can be 
considered moderately versed in science (i.e., able to anal- 
yze scientific procedures and data). Only 7.5 percent of the 
17-year-olds demonstrated the ability to integrate special- 
ized scientific information. (See text table 1-1.) 

By 1986, nearly all students in all three age grou 
attained a level of scientific knowledge that might be 
gained from everyday experiences, including elementary 


"The 1986 NAEP science assessment did not include “hands-on” 
exercises designed to measure students’ ability to “‘do’”’ science in terms 
of their ability to use laboratory equipment and apply higher-order 
thinking skills in experimental situations. The importance of the key types 
of hands-on exercises was indicated by a recent report of the National 
Academy of Sciences, which posited that multiple-choice tests are not 
adequate for assessing conceptual knowledge, most process skills, and 
the higher-order thinking that scientists, mathematicians, and educators 
consider most important. Among the types of tests this report advocated 
were exercises that employ free-response techniques—not only paper 
and pencil problems but also hands-on science experiments and com- 
puter simulations. See Murnane and Raizen (1988), p. 63. Accordingly, 
the NAEP staff has launched a pilot study of innovative hands-on tech- 
niques and exercises to simulate laboratory processes and analytical and 
interpretative skills needed for problem solving and reasoning of the type 
used in scientific experiments. See NAEP (1987). 

'3NAEP (1987), p. 48. 

“See NAEP (1988a), pp. 40-50, for examples of assessment items that 
typify each level of performance. 
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facts about the characteristics of animals and the operation 
of familiar mechanical devices. Also, a significantly greater 
re of both 9- and 13-year-olds demonstrated 

ledge of simple scientific principles in 1986 than in 
1977. In 1977, 68 t of the 9-year-olds and 86 percent 
of the 13-year-olds showed the ability to understand sim- 
ple scientific principles. Nearly all of the 17-year-olds at- 
tained this level in the three latest assessments. 

It is of great concern that only about 15 percent of the 
black and Hispanic 17-year-old students assessed in 1986 
demonstrated the ability to analyze scientific ures 
and data, com to half the white students at 
this age. (See appendix table 1-5.) Of similar concern is that 
at age 17, roughly half the males, but only a third of the 
females, were able to analyze scientific procedures and 
data. 

Based on these analyses of levels of profici es 
cially the fact that less than half of all high school students 


were able to analyze scientific ures and data, the 
science educators who assi in preparing the report 
concluded that: 


“In limiting opportunities for true science learning, 
our Nation is producing a generation of students who 
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lack the intellectual skills necessary to assess the 
validity of evidence or the logic of arguments, and 
who are misinformed about the nature of scientific 
endeavors. The NAEP data support a growing body 
of literature urging fundamental reforms in science 
education—reforms in which students learn to use the 
tools of science to better understand the world that 
surrounds them.’”” 


Mathematics Achievement 


Findings from the 1986 mathematics NAEP assessment 
were similar to those from the science study. Recent math- 
ematics performance has improved somewhat, especi 
for students at ages 9 and 17. (See appendix table 1-6.) Since 
1978, blacks and Hispanics at ages 9, 13, and 17 made 
appreciable gains. All of these rmance improve- 
ments, however, have been confined ily to the 
lower-level skills. The highest level of rmance at- 
tained by any substantial proportion of students in 1986 
reflects only moderately complex skills and understand- 
ings. Most students, even at age 17, do not possess the 
breadth and depth of mathematics proficiency needed for 
advanced study in secondary school mathematics.'® 

In the 14-year span covered by NAEP’s four mathe- 
matics assessments, performance of 9-year-olds was stable 
between 1973 and 1982 and improved slightly between 
1982 and 1986. (See figure 1-5, figure O-13 in Overview, 


(Achievement score) 


See appendix table 1-6. Science & Engineering indicatore— 1980 


and appendix table 1-6.) Thirteen-year-olds showed some 
improvement between 1978 and 1986. For 17-year-olds, 
performance declined slightly from 1973 to 1982, but 
showed an upturn between 1982 and 1986. 


"NAEP (1987), p. 17 
"°N AEP (1988b). 


Achievement by Minorities. At ages 9 and 13, black 
students have shown steady improvement across the 13- 
year period from 1973 to 1986; these improvements were 
most notable from 1978 to 1982 and again from 1982 to 
1986. (See figures 1-6, 1-7, and 1-8.) At age 17, black stu- 
dents showed relatively consistent performance between 
1973 and 1978, before improving between 1978 and 1986. 
At age 9, Hispanic students improved slightly with each 
assessment. At the older ages, Hispanic students showed 
recent improvements, with the performance of oa 
olds improving primarily between 1978 and 1982, and that 
of 17-year-olde improving primarily between 1982 and 
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Factors Behind Changes in Test Scores 


A by the Educational Testing Service (ETS) 

in the academic achievement of high 

school seniors (as measured by various test results, 

the NAEP assessments) between 1972 and 

1980 and examined the school and student factors re- 

lated to these (See Rock, et al., 1985.) The 

show that shifts in the character- 

istics schools and student behavior were related 

to test scores. during the period studied at the 

school and student that seem to be most closely 
associated with lower test scores were: 


© A greater likelihood of being in the general or voca- 
Se 


© A drop in the 
such as foreign languages, science, and/or courses 
requiring laboratory work; 

© A decrease in the amount of homework done; and 

© An increasing dissatisfaction among students with 
the lack of emphasis on academics in the schools. 


This dissatisfaction—shared by students of all socio- 
economic statuses (SES) and ethnic 
the overall major factor associated lower test 
scores. The of this shift in emphasis fell primar- 
ily on white and upper class students. On the other 
hand, Federal and state programs to strength- 
en skills in mathematics among low SES blacks appear 
to have contributed to the test score increase in mathe- 
matics among this group. 


1986. Because of white students remained at 
approximately the same level in 1986 as in 1973, while the 
black and Hispanic scores gained (particularly at age 13), 
the performance gap between these groups narrowed ap- 
preciably. 

Achievement by Females. Gender differences in math- 
ematics nce were smallest at age 9 and greatest at 
age 17; in 1986, 17-year-old males scored 5 points hi 
than females on the proficiency scale. (See appendix table 
1-6.) At age 9, females scored higher than males until 1986, 
when the scores were identical, due to a greater improve- 
ment in male scores than female scores between 1982 and 
1986. Females at age 13 scored higher than males in the first 
two assessments; the reverse was true in 1982 and 1986, 
although both genders showed improved proficiency in 
1986 compared with 1973. 


Levels of Student Proficiency in Mathematics 


As in the science NAEP assessment, five levels of math- 
ematics proficiency were established, in this case by a team 
of mathematics educators. '” 


"See footnote 9 and appendix table 1-7. 


math achievement for age 17, by 


© Simple arithmetic facts. 

© Beginning skills and understanding. 

© Basic operations and beginning problem solving. 
© Moderately complex procedures and reasoning. 
© Multi-step problem solving and algebra. 


The performance level associated with “moderately 
complex procedures and reasoning” represents the level 
of attainment recommended by the National Science 
Board (NSB) that all secondary students should achieve, 
including a variety of mathematical outcomes such as an 
understanding of the logic behind algebraic manipula- 
tions, a knowledge of two- and three-dimensional figures 
and their properties, and some more advanced objec- 
tives."* 

In 1986, only about half of the 17-year-old age p was 
gh edie Ge arctan ed enema Ue Go 
NSB. (See text table 1-2.) Moreover, only a small 
tion of 17-year-olds (6 percent) showed the ability to do 
multi-step problem solving and algebra in the 1986 assess- 
ment. The percentage of students achieving at this level 
has remained essentially constant since 1978. This means 
that few students have, by their last years of high school, 
mastered the fundamentals needed to perform more ad- 
= mathematical operations. 

Abe itive note, in 1986—as in past assess- 

y all students in all three age groups were 

able to ‘> putea elementary addition and subtraction. 
There was also some improvement in begin- 
ning skills and understanding: more 13-year-olds could 
solve the test items d to measure basic operations 


and beginning problem solving in 1986 (73 percent) than 


“NSB (1983), pp. 94-96. 


by age: 1978-86 
Assessmem year 
Proficiency level Age 1978 1982 1966 
—— Percent ——— 
Simple arimetic facts ..... 9 95 972 978 


beginning problem solving 9 194 187 208 
13 649 716 73.1 
17 92.1 929 96.0 
Moderately complex 
proceduresandreasoning.. 9 os O06 086 
13 179 178 159 
17 514 463 6561.1 
Multi-step problem solving 
Fasineunetana 9 00.600 )€=l (0.0 
13 os 05 04 
17 74 854 64 


Note: See appendix table 1-7 for definitons of proficiency levels. 
See eppendix tables 1-6, 1-7, 1-8, 1-0, and 1-10. 
Science & Engineering incicators— 1980 


in 1978 (65 percent). Most of this gain occurred between 

1978 and 1982. (See appendi~ tables 1-8, 1-9, and 1-10.) 
Among the conclusions reached by the authors of the 

sapgupatamemmntemtnerentiand 


“Too many students leave school without the 
mathematical understanding that will allow them to 
participate fully as workers and citizens in contem- 


porary society. As these young enter univer- 
sities and businesses, American faculty and 
employers must anticipate additi burdens. As 
long as the supply of tely prepared precol- 
legiate students remains substa.idard, it wil! Le dif- 


ficult for these institutions to assume the uual respon- 
sibility of remedial and specialized training; and 
without highly trained personnel, the United States 
risks forfeiting its competitive edge in world and 
domestic markets.” 


International Assessments of Science and 
Mathematics Achievement 


In recent years, two large-scale international assess- 
ments of science and/or mathematics have been conduc- 
ted. The first was performed in 1988 by the International 


"NAEP (1988b), p. 9. 


Assessment of Educational Progress (IAEP); it tested 13- 
year-old students in mathematics and science in five 
countries and four Canadian provinces.” The second as- 
sessment, by the International Association for the Evalua- 
tion of Educational Achievement (IEA), covered science in 
24 countries or The IEA study included students 
at three levels: age 10, typically grades 4 or 5; 14-year-olds, 
or grades 8 and 9—the point in secondary school when 
education in most systems is still full-time and compul- 
sory—and students who were enrolled in science in the 
terminal year of high school." In the U.S., most students 
in the 12th grade whoare still enrolled in science are taking 
physics or a second year course in some science. 

Both of these assessments point to the same conclusion: 
US. students perform poorly in science and/or mathe- 
matics compared with most of their counterparts around 
the world. 

International Assessment of Educational Progress. In 
the IAEP mathematics assessment, the U.S. ranked last 


*In the [AEP study, test items were taken from the 1986 NAEP assess- 
ments of science and mathematics. 

At the time of of this data were available for 15 
countries at age 10, 16 countries at age 14, and 14 countries at the terminal 
year of high school. 


among the five countries and four Canadian provinces.” 
(See figure 1-9 and appen ix table 1-11.) Thirteen-year-old 
students in South Korea had the highest proficiency levels 
in mathematics—well above the mean—while the other 11 
populations clustered themselves into three lower-per- 


In the 1988 [AEP science assessment, the U.S. was also 
among the lowest scoring populations, which included 
Ireland, Fren ing Ontario, and French-speaking 
New Brunswick. (See figure 1-10 and appendix table 1-12.) 
The students of British Columbia and South Korea were 
by far the highest scorers. The performances of about half 
the countries were clustered near the mean for all par- 
ticipants. 

To make informed judgments about the adequacy of 
student skills in science and math, the IAEP international 
tests were scaled at five points similar to the U.S. NAEP 
science and math assessments.” (See appendix tables 1-13 
and 1-14.) In mathematics, the results show that South 
Korean students were much more proficient in solving 


“Lapointe, Mead, and Phillips (1989). 

*Ibid.—see the Procedural Appendi ‘or a discussion of statistical 
methodology used to scale the various icv :s of student proficiency. Also 
see footnote 9. 


Figure 1-9. 
Average math achievement for age 13, by country: 1988 
(Achievement score) 
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See appendix table 1-11. Science & Engineering indicatore— 1980 
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achievement for age 13, by country: 1968 


complex problems than students in most other countries, 
including the United States. (See appendix table 1-15.) 
More than three-quarters of the 13-year-old South Korean 
students could use intermediate mathematical skills to 
solve two-step problems, compared with only 40 percent 
of the U.S. students. In terms of understanding measure- 
ment and geometry concepts and applying problem solv- 
ing to more complex mathematical problems, 40 percent 
of the South Korean, compared with only 9 percent of the 
USS., students were successful. 

In science, over 70 percent of the 13-year-olds in both 
British Columbia and South Korea demonstrated the abil- 
ity to use scientific principles and analyze scientific data, 
compared with only 42 t of the American students. 
(See appendix table 1-16.) Over 30 percent of the students 
in British Columbia and Korea were successful in solving 
problems designed to measure the understanding and 
application of scientific knowledge and principles, com- 
pared with less than 12 percent of the students in U.S. 

IEA International Science Assessment.“ In the IEA in- 
ternational science assessment, students in Japan and 


In the IEA science study, most of the countries conducted the assess- 
ment in 1983. In the U.S., two assessments were conducted, one in 1983 
and another in 1986, but the 1983 survey was marked by extremely low 
response rates and, as a result, these data are not shown here. See 
International Association for the Evaluation of Educational Achievement 
(1988), p. 26. 


503.9 
478.5 1 
New Speen United bretand Ontario New 
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(Engian) (French) 
Science & Engineering indicatore— 1969 


South Korea (each with average scores of 15.4 out of a 
possible 24 correct answers to test items) were the top 
performers among 10-year-olds. U.S. students, along with 
those from a number of other countries, were in the middle 
with a mean score of 13.2. The 10-year-old students in the 
United Kingdom and Hong Kong were among the lowest 
scorers in the country rankings. 

By the intermediate level of schooling, Hungarian, Japa- 
nese, and Dutch 14-year-olds demonstrated the highest 
achievement, correctly answering roughly 20 to 22 of 30 
items. U.S. 14-year-old students ranked third to last with 
an average of about 17 items correct. 

Atthe terminal year of high school, among students who 
took biology, chemistry, or physics, students in Hong 
Kong and the United Kingdom were among the highest 
scorers, with the U.S. students ranking last in biology, 
third from last in chemistry, and fifth from last in physics. 
(See figures 1-11, 1-12, and 1-13; and appendix tables 1-17, 
1-18, and 1-19.) 

Thus, U.S. 10-vear-old students in science ranked in the 
middle of the countries, lost ground by age 14, and scored 
at or near the bottom by the 12th grade. The opposite 
pattern is observed in Hong Kong and the United 
Kingdom, where 10-year-old students score relatively low, 
but—by the terminal year of high school—move up in the 
international rankings. 

There are several possible explanations for this 
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Note: Data are for 1986 in U.S. and 1983 for other countries. 
See appendix table 1-17. 


phenomenon. In some countries, notably Hong Kong and 
the United Kingdom, secondary school students who are 
skilled in science are provided with the opportunity to 
study the science curriculum much more intensively than 
in the United States. Also, in some countries, high achieve- 
ment is associated with high student attrition rates. Stu- 
dents who do not achieve well drop out early. In Thailand, 
for example, where scores of 14-year-old students equaled 
those of U.S. students in the IEA study, only 32 percent of 
this age group is in school, as opposed to 99 percent of U.S. 
students. Thus, in-school 14-year-olds in Thailand are a 
select group of students. On the other hand, however, 
Japan—a country typically among the highest scoring 
ones in international assessments of science and mathe- 
matics—has a higher student retention rate than does the 
United States. 

Another possible explanation of why the U.S. scores 
relatively low in international assessments of science and 
mathematics lies in the type of curriculum studied. Other 
studies have shown that the science curriculum in the 
United States is different from that in most other countries. 
In the United States, most public schools teach one science 
subject for one academic year and then move on to another 


discipline the following year; in contrast, the preferred 
approach in certain other countries is the parallel teaching 
of an array of disciplines over a period of years.” Other 
speculative explanations include family and community 
expectations and support. 


Computer Competency 


Overall, the computer competency assessment found 
that most students have used computers and have some 
familiarity with them, but that their competency is gener- 
ally low and largely restricted to relatively simple com- 
puter applications such as word processing. Further, 
computers are seldom used in subject areas such as math- 
ematics or science, but rather are largely confined to 
classes about computing and the use of computers.” 

More than 60 percent of 11th graders correctly identified 
the word processing functions of ‘search and replace,” 
“insertion,” and ‘movement of text.” (See appendix table 
1-20.) At all three grade levels tested, however, students 


Klein and Rutherford (1985). 
2N/ AEP (1988c). 


Figure 1-12. 


Mean scores on chemistry test: among students taking chemistry in final year of high school, by country 


(Country) 
Hong Kong 77.0 
United Kingdom 69.5 
Singapore 66.1 
Japan 51.9 
Hungary 47.7 
Australia 46.6 
Poland 44.6 
Sweden 40.0 
Italy 38.0 
United States — 37.7 
Canada 36.9 
— = L i " L 
0 10 20 30 40 50 60 70 80 
(Percent correct) 


Note: Data are for 1986 in U.S. and 1983 in other countries. 
See appendix table 1-18. 


did not have a clear grasp of graphics functions or the 
structure and functions of data bases. Only about 10 per- 
cent of 7th and 11th graders practiced such applications as 
often as once a week. About two-thira. of these students 
had never written computer programs. 

White students averaged between 5 and 8 points higher 
on the computer assessment than did their black and 
Hispanic counterparts. White students also have a definite 
advantage over blacks and Hispanics in access to com- 
puters at home. Male students have slightly higher 
computer competency than females, although differences 
in experience and instruction were small. Families of boys, 
however, were more likely to own computers: among 11th 
graders, 35 percent of boys had computers at home, com- 
pared with 25 percent of girls. 

More than half of grade 3 students have used computers 
in mathematics classes. But when 7th and 11th grade stu- 
dents were asked how often they used computers in var- 
ious subject areas, it became clear that computers are 
primarily confined to the school computer studies cur- 
riculum. (See appendix table 1-21.) High percentages of 
students never use a computer to practice mathematics, 
science, reading, or other skills from traditional subjects. 
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(See text table 1-3.) Among those who used a computer to 
practice subject matter skills, only about 5 percent to 10 
percent did so more than once a week. 


Text table 1-3. Computer use in subject areas, 


by grade level: 1966 
Have you used a computer in 
any of the following classes? Grade3 Grade7 Grade 11 
Percent 

Mathematics .............. 53.0 39.4 29.1 
Reading/English ........... 25.0 23.9 16.9 
SED 96-94840066%000606 12.8 11.6 15.4 
Social studies ............. 11.7 10.2 46 
St sc dvaeeebseuneadonses 21.6 10.2 46 
DED 4eensdnedeeeees sdae 16.9 7.0 3.9 


Figure 1-13. 


Mean scores on physics test: among students taking physics in the final year of high school, by country 


_ (Country) 
Hong Kong 69.9 
United Kingdom 58.3 
Hungary 56.5 
Japan 56.1 
Singapore 54.9 
Poland 51.5 
Australia 48.5 
Unied States 45.5 
Sweden 44.8 
Canada 39.6 
Finland 37.9 
28.0 
Italy | | l 1 
0 10 20 30 40 50 60 70 80 
(Percent correct) 
Note: Data are for 1986 in U.S. and for 1963 in other countries. 
See appendix table 1-19. Science & Engineering indicators— 1989 
Science and Engineering Interests of 
College-Bound Seniors 
An important indicator of the potential supply of scien- 
tists and engineers is the proportion of high school seniors Figure 1-14. 
who intend to major in S/E fields in college. Based on the Percentage of college-bound seniors intending to 
plans of college-bound seniors who take the Scholastic major in science and engineering: 1977-68 
Aptitude Test (SAT), there has been a decline in the pro- 
portion of students intending to major in the more quan- 
titative sciences—math and statistics, the physical sci- dciartied 
ences, engineering, and computer science. (See figure 1-14 20 
and appendix table 1-22.)”” During the 12-year period from 18 | 
1977 to 1988, the proportion of college-bound high school 
seniors who intended to major in these S/E fields doubled, 16 F 
peaking at about 20 percent in 1983, and then gradually 14 | 
declining to about 13 percent in 1988. 
Engineering is the most popular of the four quantitative 12 fF ; 
fields; it has held its own since the early 1980s with be- 10 | 
tween 9 percent and 10 percent of college-bound seniors 
expressing an interest in majoring in it. This represents an sr } 
increase over the 6 percent of students planning an en- | SR Pi fi 
gineering major in 1977. Interest in computer science 1977 ‘79 ‘81 83 95 ‘87 '88 
dropped from a high of about 7 percent in the early 1980s 
See appendix table 1-22. Science & Engineering indicators—1989 


%Grandy (1989); and ETS (1989). 


31 


to less than 3 percent in 1988. Interest in both the physical 
sciences and math and statistics remained low throughout 
the 12-year period and has been declining. By 1988, less 
than 1 percent of the college-bound seniors planned to 
major in each of these fields. 

In 1988, 24 percent of the black males, and 21 percent of 
white males, intended to major in a quantitative science. 
Only 11 percent of black females and 5 percent of white 
females expressed an interest in majoring in these fields. 

of race, males were more likely to be interested 
in the applied engineering subfields than were females. 


Academic Persistence of High-Ability 
Minority Students 


Are minority students who test high in ability and ex- 
press an interest in becoming scientists and engineers 
more or less likely than whites to persist in preparing for 
these fields? How do those who persist differ from those 
who don’t? To address these issues, a recent study con- 
ducted by the Educational Testing Service sampled 5,000 
minority high school seniors who (1) scored 550 or above 
in mathematics on the SAT, and (2) said they planned to 
major in math, science, or engineering. 

By the spring of 1987 (2 years after taking the SAT), 61 
percent of the total sample had enrolled in college and 
were actually majoring in an S/E field or intended to do 
so.” This proportion greatly exceeds the comparable per- 
centage for the population of minority students. 
The persi rate of high-ability minority students was 
about twice that of their coun in the general pop- 
ulation. The comparable persistence rate for high-ability 
white students was 55 percent. 

Those who persisted were different from those who did 
not in several important aspects. The persisters were much 
more likely to participate in high school math and science 
courses and related extracurricular activities. More than 
half of the persisters had taken high school honors courses 
in science and mathematics, and two-fifths had taken 
Advanced Placement (AP) mathematics courses. (See ap- 

ix table 1-23.) In this ,arecent ee High 
ool and Beyond data shows that senior high schools 
serving predominately poor students typically offer fewer 
AP courses.” Almost two-thirds of high socioeconomic 
status schools offer AP courses, but less than one-fifth of 
schools in low-SES communities offer them. Science and 
math clubs, college-based minority science and engineer- 
ing recruitment and enrichment programs, and science 
fair /independent research projects also seem to have been 
— in their persistence in science and mathematics 
studies. 


OPPORTUNITIES TO LEARN SCIENCE 
AND MATHEMATICS 


As previously noted (see p. 21), a recent National Re- 
search Council report on precollege science and mathe- 
matics education recommended that (1) course enrollments 


*Hilton, et al., (1989), p. 152. 
*Eckstrom, Goertz, and Rock (1988), p. 50. 


32 


in secondary school and (2) instructional time in the elemen- 
tary and middle schools be used as key indicators in an 
integrated system of information about science and math- 
ematics learning. Accordingly, this section deals with 
these indicators. 


Course Enrollments in Secondary Schools” 


A recent study for the U.S. Department of Education 
found that long-term patterns of high school course offer- 
ings have shifted, particularly in the “general” track.*' For 
one thing, the proportion of students in this track dro 
from 35 percent in 1982 to 17 percent in 1987; nearly all of 
this change reflected movement into a more rigorous aca- 
demic curriculum. As a result, students in 1987 took an 
average of one semester more of mathematics than they 
did in 1982, and enrollments in advanced math classes 
(geometry, second-year algebra, trigonometry, and cal- 
culus) were up by about a third. (See appendix table 1-24.) 
The number of students in pre-calculus had more than 
doubled, while enrollment in remedial mathematics was 
down by a third since 1982. 

Course-taking in science was also up over the 6-year 
period. (See appendix table 1-25.) While only 75 percent of 
1982 high school graduates had taken a whole year of bi- 
ology, 90 percent nad done so by 1987. The number of 
students taking a year of chemistry increased from 31 
percent to 45 percent. Similarly, the average percentage of 
graduates taking a full year of physics increased from 14 
percent to 20 percent. 

Proportionally, there were greater increases in course- 
taking in science, mathematics, foreign languages, and 
computer science than in the other academic subjects, 
reflecting the emphasis in state reform movements on 
these areas. (See figure 1-15 and appendix table 1-27.) For 
example, the average high school graduate took 2.2 credits 
of science in 1982, com with 2.6 credits in 1987. More 
time for core curriculum subjects such as science and 
mathematics was accompanied by relatively small de- 
creases in vocational education programs. In addition, 


*An apparent inconsistency is that while student course-taking in 
secondary math and science has been increasing in recent years, overall 
student achievement in these subjects has remained relatively static. In 
this regard, it should be noted that increases in secondary science and 
mathematics course-taking, as well as the recent increases in some stu- 
dent assessment scores, may portend improvements for the future. Stu- 
dent learning depends on many things besides time spent on a subject. 
However, the educational reform movements implemented by state and 
local agencies in the 1980s cannot be expected to have immediate impacts 
and their full effects may not be seen for some time. In addition, student 

ing is not only a function of the quantity of time spent on a subject, 
but also the quality of the curriculum, teacher effectiveness, student 
interest in particular subjects, availability of adequate laboratories and 
facilities, and family and community tions. 

“In this study, transcripts of 1987 high school graduates were com- 
pared with transcripts of 1982 graduates to describe changes in course- 
taking across this 6-year period. The analyses were based on approx- 
imately 15,000 transcripts of 1987 graduates obtained as part of the 1987 
High School Transcript Study and 12,000 transcripts of 1982 graduates 
who participated in the High School and Beyond project. See Westat, Inc., 
(1988). 


some high schools appear to be lengthening the school 
day, shortening class periods, and placing less emphasis 
on noncredit courses such as study hall, gym, and driver's 
education.” 

There was a substantial increase in the proportion of 
high school graduates taking Advanced Placement cour- 
ses in mathematics and physics. For example, the propor- 
tion of graduates taking AP/honors calculus courses in- 
creased from 1.5 percent in 1982 to 3.4 percent in 1987; 
AP/honors physics increased from 1.1 percent to 1.8 per- 
cent. Simultaneously, the proportion of students in 
AP/honors biology decreased from 6.6 percent to 3.0 per- 
cent; chemistry essentially held its own (going from 2.9 
percent to 3.1 percent). As a result, 66,227 secondary stu- 
dents took the AP mathematics exam in 1988 compared 
with 31,918 students in 1982. Similar numbers for the AP 
physics exam were 15,266 in 1988 and 6,804 in 1982. 

Course-Taking Trends Among Minorities. There were 
notable increases in the average number of credit hours 
taken in mathematics among all racial and ethnic groups. 
(See figure 1-16 and appendix table 1-26.) The largest 
increases were shown for Asians, who also took the great- 
est number of credits in mathematics in both 1982 and 
1987. 

Course-Taking Trends for Females. The rate of growth 
for course-taking by female high school students in math- 
ematics was considerably higher than for males, but the 
average number of credits taken remained higher for 
males than for females. Females took an average of 2.93 
credits in mathematics in 1987, up from 2.46 credits in 1982. 
Comparable figures for males were 3.04 credits in 1987 and 
2.61 credits in mathematics in 1982. The average number 
of credits taken in science by males and females went up 
equally—from 2.25 to 2.69 (males), and from 2.13 to 2.57 
(females). (See appendix table 1-27.) 


“Judy McNeil Thorne, the Westat, Inc., project director of 1987 High 
School Transcript Study (personal communication). 
*The College Board (1988). 
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Racial, Ethnic, and Socioeconomic Aspects of 
Opportunities to Learn Science and Math in 
Secondary Schools 

ite recent gains, the average science and math 
achievement of 13- and 17-year-old black and Hi i 
students remains several years behind that of their 
white peers. One ible explanation of the relatively 
performance of minority students is that they have 
ee pomeranian“ j t the 
they do have are of less than those 
available to white students. To assess this situation with 
to science and mathematics, a recent study by 
the RAND tion attempted to a com- 
prehensive set of analyses to determine if and how 


maapeennan in anaes appeeneainas Saar Fore 


sey aon 

analyses of data from the 1986 
of Science and Mathematics Education 
(Weiss, 1987), aye tess Ary glam gm 
of uneven distribu atdul comand teal 
on teachers’ reports of their perceptions of 
science and math pe rar oman rf ager 
classes, students who attend schools with high mi 
enrollments are far more likely than other students to 


be enrolled in low science and math classes and 
far less likely to be in hi ity classes. (See Oakes, et 
al., n.d.) Student t in classes that teachers 
perceive to be of ’ ability” was only 16 percent in 
schools where non comprise more than 90 per- 
seralied tn “bah obliiny” clasass ta t were 
enrolled in “‘high-ability” classes in where 


white students made up more than 90 t of the 
total enrollment. (See appendix table 1-28.) 

The same patterns are evident when student 
in science and math is with socioeconomic 
status, as measured by the percentage of students with 
parents who are or on welfare and the 


have fewer classes at low-ability 
levels and more at levels. 


The study authors concluded that poor and minority 
students are more likely to find donnie ts low- 
ability classes and in courses focused on “general” 
math and science content. Consequently, students have 
oe ee Se ee Se 
could them for successful 
demic courses in math and science. On io cher tend, 
whites and students from more affluent families are 
more to be identified as able learners, placed in 
academic classes, and have ath poe voit 
take the critical courses (such as adv. mathematics 


and calculus) for successful science and math 
achievement in higher ing cour aking patter beeen a re- 
cent study comparing 

souk ond (000 deen an eaaetiedt 


uates in 1987 were more likely than in hon ga. all 
sahete-endians eoheden, Gap eae alan rm Soy 
tially behind white pe omaasy ema 
ses. (See ETS, 1989, pp. 4-5.) The patterns 
for Hiapanice qunsabiiy susembled these of 


Science and Mathematics Instruction in Elementary 
and Middle Schools* 


The amount of time spent teaching science and mathe- 


matics in elementary schools remained substantially the 
same between 1977 and 1986. (See appendix table 1-29.) An 
average of only 18 minutes per day was spent on teaching 
science in 1986 at grades K-3, compared with around 29 
minutes in grades 4-6. Substantially more time was de- 
voted to mathematics at both grade levels. At grades K-3, 
an average of 43 minutes per day was spent on mathe- 
matics in 1986, and around 52 minutes in grades 4-6. 

On average, in both 1977 and 1986, elementary school 
teachers reported spending the greatest amount of class- 
room time in teaching reading; this was followed by time 
for mathematics, social studies, and science. (See figure 
1-17.) 

More specificaliy, when teachers of third grade students 
were asked how much time they spent teaching science 
compared with carrying out other classroom activities 
during a typical week, half reported spending only 1 to 2 
hours each week providing science instruction. About 20 
percent of the teachers reported spending less than 1 hour 
per week teaching science. Only 5 percent reported spend- 
ing 5 or more hours per week on science. (See appendix 
table 1-30.) 


“Recent data on student exposure to science instruction in elementary 
and middle schools are available from two sources: (1) for all grades at 
each level in 1977 and 1985-86 from the National Survey of Science and 
Mathematics Education (Weiss, 1987), and (2) for 1986 at ages 9 and 13 
(generally grades 3 and 7) from the science and mathematics assessments 
conducted by the National Assessment of Educational Progress (NAEP, 
1988a and 1988b). In the 1986 National Survey, teachers were asked to 
report the number of minutes spent in their most recent lesson in a 
particular subject. 


At grade 7, the amount of time spent teaching science 
still appears to be relatively low, with approximately half 
of the seventh grade teachers reporting that they devoted 
3 hours or less to science instruction each week. Only 14 
percent of the teachers reported that they spent 5 hours or 
more each week teaching science. 


Classroom Activities 


When teachers were asked as part of the 1986 National 
Survey to indicate what took place during their most 
recent lessons in science and mathematics classrooms, 
they said that most science lessons included lecture and 
discussion rather than hands-on activities. Use of hands- 
on activities was more common in elementary school (51 
percent of lessons) than in secondary school (43 percent in 
grades 7-9 and 39 percent in grades 10-12). 

Approximately two-thirds of elementary science teach- 
ers, and more than t uarters of secondary teachers, 
indicated that they believe that laboratory-based activities 
are more effective than nonlaboratory classroom practices 
(including lectures). Fewer than 5 percent of the sampled 
teachers in each group agreed with the statement “Hands- 
on science experiments are not worth the time and ex- 
pense.” Despite this attitude, experiments conducted in 
laboratories constitute less than a quarter of the time spent 
in science classrooms. 

At least part of the reason why hands-on science ac- 
tivities are not more prevalent is because many schools 
lack access to laboratories. In the 1986 National Survey, 38 
percent of all elementary teachers surveyed reported that 
their classrooms have no science materials or facilities. In 
the 1986 NAEP assessment, slightly less than half of all 
secondary teachers reported that they had access to a 
general-pu laboratory for use in teaching science. 
(See text table 1-4.) And only one-fifth of the seventh grade 
teachers had access to more specialized facilities (i.e., a 
biology or chemistry laboratory). 


*Weiss (1987), pp. 47-51. 


facilities, by grade level: 1986 
. Grade? Grade 11 
Percent responding “yes” 
Lw y . ave access to a general 
purpose laboratory for your 
teaching? ............ cece eee 46 45 
Do you have access to a 
specialized science laboratory for 
your teaching? ................ 20 64 
SOURCE: NAEP (1968a), p. 96. 
Science & Engineering indicators—1989 


1 


school teachers in each subject, in self-contained classes, 
Grades K-3 


1 
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Special analyses of the 1986 NAEP data indicate that 
innovative classroom practices (such as problem solving 
and conducting experiments in connection with labora- 
tory exercises) are likely to be associated with higher sci- 
ence proficiency. To conduct these analyses, students were 
asked to report how often they solved problems, con- 
ducted experiments alone or with other students, wrote up 
the results of experiments, read articles on science, and 
presented oral or written rts. Responses to these ques- 
tions were ranked as “low,” “medium,” or “high.” Stu- 
dents whose teachers often lectured and seldom engaged 
the class in experimentation were at the low end of the 
scale. Those whose teachers used more innovative tech- 
niques such as hands-on science experiments and hypoth- 
esis testing were ranked at the high end of the scale. 

These student-reporied types of classroom activities 
were correlated with actual student achievement scores 
for the same students. Figure 1-18 shows a positive re- 
lationship between science proficiency and innovative in- 
structional activities, even though, as noted above, these 
practices are relatively rare. The report summarizing the 
1986 NAEP data on these questions indicates, however, 
that it is not possible to determine whether students with 
greater science proficiency tend to be placed in classes that 
consist of more innovative curricular activities—or wheth- 
er these activities yield higher proficiency.” The rela- 
tionship between innovative instructional activities and 
student proficiency is confounded further by positive cor- 
relations between student achievement and a number of 
other significant factors, including the use of science 
os in the classroom, the ability of the school to 
instill positive student attitudes toward science, and the 
beliefs students hold regarding science’s applicability in 
helping remedy human and environmental problems. 


NAEP (1988a), p. 97. 


Classroom Science and Mathematics Practices in Other 
Countries. The IAEP international science assessment 
found that students in the U.S. were the least involved in 
laboratory experiments and other types of hands-on ac- 
tivities of any of the six countries in the assessment. 

In terms of mathematics instruction, however, detailed 
analyses of eighth grade data from the more extensive 
1981-82 Second International Mathematics Study showed 
that there is a great deal of similarity in teaching practices 
in the eighth grade around the world. Slightly more than 
a third of the teachers in that study reported that the 
majority of class time in mathematics was taken up with 
the whole class working together as a group, either listen- 
ing to the teacher lecture or participating in discussions. 
Teachers in the participating countries reported spending 
comparatively little time in small group instruction. In all 
countries studied, more than 75 percent of the teachers 
reported spending less than 25 percent of their class time 
in small groups.” 

Classroom Activities, as Reported by Students. In the 
1986 NAEP assessments of science and mathematics, stu- 
dents were asked to report on their teachers’ instructional 
practices and the kinds of learning activities featured in 
their science and mathematics classrooms. While most 
science educators encourage the use of hands-on activities, 
science instruction continues to be dominated by teacher 
lectures and the reading of textbooks. In fact, the instruc- 
tional technique reported most often by students was read- 
ing science textbooks: over half the students in grades 3, 7, 
and 11 stated that they read textbooks daily or weekly. 
Other learning opportunities appear to be neglected. For 
example, over half the students in third grade said they 
never went on field trips with their science classes. Of the 
students in grade 7: 


© Over four-fifths never went on science field trips, 
© Over half never wrote up the results of experiments, 


© About half reported that they never conducted inde- 
pendent science experiments, and 


© Nearly half said they never did oral or written reports 
for science classes. (See appendix table 1-31.) 


Among 11th grade students: 


© 90 percent reported that they had never done experi- 
ments alone, although approximately half reported 
that they had performed experiments on a weekly 
basis with other students; 


© Slightly more than half reported never doing oral or 
written reports; and 


© Nearly half reported never having gone on field trips 
or written up results from science experiments. (See 
appendix table 1-31.) 


Similar results were shown for mathematics teaching, 
where routine instructional approaches predominate. 


“Burstein (in press). 


Use of Calculators and Computers in the Classroom 


In the 1986 NAEP mathematics assessment, relatively 
few students reported having access to calculators in 
school. Only 15 percent of all third graders have calcu- 
lators for use in mathematics classes and only 21 percent 
of the seventh grade students and 26 percent of the senior 
high students used them in mathematics classes at school. 

Larger numbers of students reported using computers for 
mathematical purposes, e.g., for learning mathematics 
through computer instruction, solving mathematical 
problems, or learning computer programming. Studying 
aspects of mathematics through computerized instruction 
seems to peak in junior high school: 39 percent of the 
13-year-olds reported having computerized mathematics 
instruction, compared with only 22 percent of the 17-year- 
olds. At age 17, access to computers more than doubled 
between 1978 and 1986; however, most of the increases 
have occurred in connection with initial high school math- 
ematics courses, such as pre-algebra and algebra I (first 
year). 


Amount of Science and Mathematics Homework 


Both the 1986 National Survey and the 1986 NAEP 
assessment obtained data on time spent on science a.1d 
mathematics homework. In the National Survey, teach rs 
of science and mathematics were asked to estimate the 
average amount of time a typical student in a randomly 
selected class spends on homework during the week. In 
the NAEP assessment, students in the 7th and 11th grades 
were asked to report how much time they spent on home- 
work each week. 

The findings show that the average amount of time 
spent on homework in both science and mathematics is 
relatively small but increases with grade level; also, more 
time is spent on mathematics homework than on science 
homework.* For instance, almost half of all high school 
students spend no time (12 percent) or less than 1 hour (36 
percent) on science homework per week. Almost two- 
thirds of all students in the seventh grade spent less than 
1 hour each week on science homework. 

Analyses based on the 1986 NAEP assessment data 
show that a reasonably consistent relationship exists be- 
tween the total amount of homework done and student 
proficiency in science and mathematics for grade 11 stu- 
dents, but not at the 7th grade. In both mathematics and 
science for the 11th graders, the more homework, the 
higher the proficiency. (See appendix table 1-32.) At the 
junior — level, noconsistent relationship appears 
to exist een homework and proficiency, although 


*Despite the relatively small amount of time spent on mathematics 
homework by most students, reports by 13- and 17-year-olds indicate a 
dramatic increase in homework being assigned each day, par- 


ticularly between 1982 and 1986. In 1982, 73 percent of the 13-year-olds 
reported being assi homework in general on a daily basis. This 
percentage to 96 percent in 1986. Results for 17-year-olds were 


similar, with 70 t oy be em daily homework in 1982, 
compared to 94 percent in 1986. Data on trends in the amount of time 
spent on mathematics homework are not available. See NAEP (1988b), 
p. 107. 
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seventh grade students who reported spending no time 
each week on science homework had the lowest science 
proficiency. 


INDICATORS OF TEACHING/EDUCATION 
QUALITY AND QUANTITY 


The recent NRC report on precollege science and math- 
ematics indicators pointed out that teacher quality and 
quantity was a key variable associated with student 
achievement. This section, accordingly, contains data on 
college courses teachers have taken as quality indicators. 
Teacher quantity is explored using data on supply and 
demand and teacher career patterns. 


Teacher Preparation 


In recent years, there has been considerable concern that 
teachers of science and mathematics may be poorly trained 
and/or inadequately prepared to teach these subjects. For 
example, a report by the American Association for the 
Advancement of Science states: 


“Few elementary school teachers have even a ru- 
dimentary education in science and mathematics, and 
many junior and senior high school teachers of science 
and mathematics do not meet reasonable standards of 
preparation in those fields.”” 


Furthermore, an NRC report prepared in response to the 
need to revitalize mathematics and science education, 
points out that: 


“Too often, elementary teachers take only one course 
in mathematics, approaching it with trepidation and 
leaving it with relief. Such experiences leave many 
elementary teachers totally unprepared to inspire 
children with confidence in their own mathematical 
abilities. What is worse, experienced elementary 


teachers often move up to middle grades (because of 
imbalance in enrollments) without ing any more 
mathematics.”” 


To address these issues, a special tabulation was pre- 
pared of course-taking data for teachers of science and 
mathematics. These teacher tion data—taken from 
the 1985-86 National Survey of Science and Mathematics 
Education—were com with the preservice standards 
recommended by the National Science Teachers Associa- 
tion (NSTA) and the National Council of Teachers of Math- 
ematics (NCTM).*! 

Elementary School Teachers. NSTA has recommen- 
ded that elementary teachers have at least one course in 
each of the three major areas of science—biological /life, 
physical, and earth/space—along with a course devoted 
to methods of teaching science. While large proportions of 
the elementary school teachers of science in the 1986 Na- 
tional Survey had taken at least one course in methods of 


” AAAS (1989), p. 13. 
“NRC (1989), p. 64. 
“Weiss (1988a) and (1988b). 


teaching science (88 percent), biology (86 percent), the 
physical sciences (72 percent), and the earth/space sci- 
ences (44 percent), only 34 percent meet all of NSTA’s 
recommended standards. (See appendix table 1-33.) Five 
percent of the teachers responsible for instruction of 
elementary science have had no college coursework in 
science; another 17 percent have had only one college 
science course; in most cases, this was a course in biology. 

NCTM recommends that elementary teachers of mathe- 
matics have at least one course each on (1) number systems 
through the rational numbers; (2) informal geometry in- 
cluding measurement, graphing, geometrical construc- 
tions, similarity, and congruence; and (3) methods of 
teaching mathematics.“ While nine-tenths of elementary 
school teachers of mathematics have completed a course 
in mathematics for elementary school teachers, and an 
equal percentage have had a course in methods of teaching 
mathematics, less than one-fifth have completed an ap- 
propriate geometry course. (See figure 1-19.) Only 18 per- 
cent of elementary school teachers of mathematics meet all 
of NCTM’s recommended standards. (See appendix table 


“For the purposes of these analyses, any teacher who has completed a 
course in mathematics for elementary or middle school teachers, a course 
in geometry for elementary or middle school teachers, and a course in 
methods of teaching mathematics is considered to have met these require- 
ments. 


~ Figure 1-19. 


1-34.) At the low end of the scale, 8 percent of these teachers 
have had no more than one of the three recommended 
courses. 

Middle/Junior High School Teachers. NSTA has taken 
the position that teachers of science at the middle school 
level should be prepared as science generalists rather than 
as specialists in a particular science discipline. NSTA rec- 
ommends that these teachers have a minimum of 36 
semester credit hours in science, with at least 9 hours each 
of life, earth, and physical sciences, as well as a course in 
methods of teaching science. About two-thirds of all 
teachers of science in grades 7-9 meet the credit hours 
requirement; ** however, only 22 percent have the spe- 
cified distribution of science courses. (See appendix table 
1-35.) An additional 2 percent meet the science standards 
but have not had a course in science teaching methods. 

NCTM recommends that middle school teachers of 
mathematics have college coursework in five areas of math- 
ematics (calculus, geometry, abstract algebra/ number 
theory, applications of mathematics, and probability and 
statistics), computer science using a high-level program- 
ming language, and methods of teaching mathematics. 
Only 14 percent of grades 7-9 teachers of mathematics fully 
meet these standards. (See appendix table 1-36.) 


“Since most science courses are either 3 or 4 credit hours, the 36-hour 
recommendation by NSTA is roughly equivalent to 11 science courses. 


Percentage of elementary teachers who have ever completed selected college courses in math: 1986 


7 ' ' ' 
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High School Teachers. According to NSTA, secondary 
science teachers should have a minimum of 50 semester 
credit hours of coursework in science, with at least 32 
hours (eight courses) of specifically designated courses in 
their area of specialty. Although a relatively high number 
of biology teachers meet the i t of eight courses, 
only 29 percent of these teachers meet all of the NSTA 
recommendations. This is, in most cases, because they lack 
one or more of the specific biology courses listed. Similar- 
ly, less than one-third of the i teachers, and only 
12 percent of physics teachers, meet the full NSTA stan- 
dards. (See appendix table 1-37.) 

According to NCTM guidelines, high school mathematics 
teachers should have an extensive math background, in- 
cluding three courses each in calculus, linear algebra, ab- 
stract algebra, college geometry, probability and statistics, 
applications of mathematics, history of mathematics, as 
well as other upper-level coursework (e.g., applied math- 
ematics from either classical continuous fields or the 

discrete fields of mathematics). NCTM also rec- 
ommends coursework in computer programming and 
methods of mathematics. A total of 54 percent of 
grades 10-12 mathematics teachers come close to meeting 
these standards, typi lacking only one or two of the 
pence ent mathematics courses and/or a course in 

ape . However, only 15 percent of sec- 
x01 math teachers meet all of the NCTM stan- 
dards. dards (See appendix table 1-38.) 

i Development of Teachers. tased on the 
inadequacies noted in science and mathematics prepara- 
tion alone, there is considerable need for additional train- 
ing of teachers. Moreover, the 1986 National Survey noted 
that from to one-half of teachers had not taken 
a course in the subject they teach in the 10 years prior to 
the survey. (See figure 1-20.) Also, while many teachers 
participate in professional meetings, workshops, and con- 
ferences related to the subject they teach, the amount of 
time they devoted to these professional development ac- 
tivities was typically fewer than 6 hours during the pre- 
vious 12 months.“ 


Teacher Supply and Demand 


Over the past several years, numerous studies have 
pointed to a shortage of adequately trained teachers of 
science and mathematics, predicting that shortages will 
become worse over time as enrollments rise and the supply 
of new teachers falls.“ Educational leaders have tried to 
ee oer ee eee such measures as 

tial pay for teachers in shortage areas (including 
science and mathematics), salary increases for teachers 
across all fields, and tuition support for teacher training 


and retraining. For example: 
© The Houston school district provided incremental 


pay for all teachers designated in shortage categories 
from 1982 to 1987. Mathematics, science, and bilin- 


“Weiss (1987), p. 113. 
“NRC (1987). 


Figure 1-20. 
Teachers with no college coursework in pest 10 
years in the subject they teach, by grade level: 1906 
(Percent) 
100 


gual teachers were awarded the highest annual incre- 
ments. 


© New mathematics and science teachers were given 
higher initial salaries in Dade County, Florida. 

© Salary contracts in Boston, Detroit, and Hartford con- 
tain provisions that allow new teachers in shortage 
areas to be paid more than their current experience 
would dictate.” 


The 1985-86 National Survey of Science and Mathe- 
matics Education asked principals to report on the difficul- 
ty of hiring qualified high teachers.” The results 
show that over half the principals in the national sample 
said that their schools had trouble hiring fully qualified 
teachers in ysics, chemistry, computer science, mathe- 
matics, and languages. (See figure 1-21.) Rural high 
schools were more likely than suburban schools to ex- 

ified mathematics, 
, ucation, and general sci- 
ence teachers. This difficulty was especially apparent in 
certain subjects. In biology, for exam which is offered 
by nearly all high schools—half of the rural school prin- 
cipals said they had difficulty recruiting teachers versus 
only 13 percent of suburban school principals. 


Career Patterns of Teachers, by Teaching Specialty 


Until recently, very little has been known about teacher 
career patterns. How long does the average teacher stay in 
the teaching profession? How many teachers return to 
teaching after a career interruption? Do career patterns 
differ by teaching specialty? Recent research has attempted 


“Darling-Hammond (1988). 
“Weiss (1987). 


Figure 1-21. 


Percentage of high schoo! principals reporting difficulty hiring qualified teachers, by subject: 1986 


Physics 72 
Chemistry 3 
Computer soence 62 
Mathematics 57 
Foreign language 52 
Biology /ite scence 38 
Physical science 38 
EartVspace science 38 
Special education 37 
General soence 27 
Social studies 6, : . . : , : 
0 20 40 60 80 
(Percent) 
SOURCE: Weiss (1987). Science & Engineering indicators— 1989 


to address these questions.* In these investigations, the 
career patterns of beginning teachers were in three 
states (Michigan, North Carolina, and Colorado) as follows: 


¢ During their initial employment—.e., the first spell; 
and 


© In cases where teachers left the field and returned to 
a teaching position at a later time, during this second 
period of employment as a teacher—i.e., the second 
spell. 

The research revealed that attrition rates differ signifi- 
cantly for teachers with different subject matter specialties. 
In Michigan, for example, chemistry and physics teachers 
were more likely to leave teaching after only a few years 
in the classroom than were teachers in any other specialty. 


In fact, only 4" -: :e.at of the physics teachers, and 49 
percent of tl: _wistry teachers, were still in the class- 
room6years. —. ct .v started teaching. In contrast, by the 


end of 6 years, 61 peicent of history teachers and 62 percent 
of biology teachers were still in the classroom.” 

In all three states, high schoul teachers have shorter 
first-spell than do elementary school teachers. (See 
ee 1-39.) And, among high school teachers, 
chemistry and physics teachers have shorter average first- 
spell lengths than teachers of other academic subjects. In 
both North Carolina and Michigan,” the average begin- 


“Murnane and Olsen (1989). 
“Murnane (1987). 
istry and physics teachers cannot be distinguished from biology 
teachers in the Colorado data. 


ning teacher of chemistry and physics spent less than 5 
years in the classroom, versus an average of around 7 years 
for teachers of social studies and mathematics. 

In terms of those who return to teaching after a career 
interruption, chemistry and physics teachers again have 
the largest rates of attrition. Only 16.3 percent of the chem- 
istry and physics teachers in North Carolina, and 14.6 
percent of those in Michigan, returned to the classroom 
after initially teaching less than 6 years, compared with 
22.6 percent and 22.5 percent, respectively, of the social 
studies teachers in each state. (See appendix table 1-40.) 

Thus, chemistry and physics teachers have the shortest 
teaching careers. Not only do they leave teaching earlier 
than do teachers of other subject specialties, they are also 
less likely to return. This pattern suggests that, because of 
their higher rates of attrition, teachers of chemistry and 
physics will be in greater demand than other subject mat- 
ter teachers in the future. And while teachers returning to 
the classroom will probably continue to be a significant 
source of future supply in some areas (e.g., elementary 
school teaching), they probably will not constitute a major 
source in chemistry, physics, and mathematics.” 


EDUCATION REFORM MOVEMENTS 


The continuing current high level of Federal and state 
policy concern with the performance of America’s school 
children in science and mathematics was underscored oy 
the unprecedented and widely publicized “Education 


“Murnane, Singer, and Willett (1988). 


Summit” in September 1989, at which the President met 

with the governors of 49 states to endorse coordinated 

to imprcve education.” This section 

the various ongoing initiatives occurring at the 
aipiedisianseeredeain eater 


>State Reform Movements 


During the 1980s, while various prestigious national 
ee ee cee 
ica’s schools and to make recommendations to improve 
their performance, states also their own review 
panels. Between early 1982 and mid-1983, states initiated 
130 commissions or task forces to look at their own educa- 
tional practices. By 1984, as many as 290 high-level state 
commissions were studying the quality of public educa- 
tion. The Education Commission of the States 
that many states had separate commissions working at the 
behest of the governor, state legislature, and the chief state 
school officer. Findings, and the proposed and/or imple- 
mented solutions these findings have generated, are de- 
scribed in the following paragraphs. 


Reforms in Student Preparation. \n the area of student 
preparation, reform activities have been undertaken in 


See New York Times (1989). 
Kirst (1987). 


quirements for high school graduation and, at the elemen- 
tary school level, raising the amounts of time devoted to 
science and mathematics instruction. Also, there is in- 
creased concern with assessment of student skills. 

Although there is a great deal of variation from state to 
state, influence is y exerted over the content of 
science and mathematics instruction through curricular 
frameworks, guides, textbook selection, and statewide as- 
sessment. Forty-seven states have curricular guidelines in 
science and mathematics: 27 states have recommended 

and 20 have required guidelines.* 

Forty-six states raised curricular requirements in science 
and mathematics at the high school level during the 
1980s.° By 1986, the average number of years of course- 
work required in science was 1.8 for public schools and 2.5 


for private schools; data for mathematics were 
1.9 and 2.8 years. For both science and mathematics, the 
amount of coursework is still short of the three 


credits recommended by the National Commission on 
Excellence in Education. (See figure 1-22.) 

At the elementary school level, 25 states have recom- 
mended minimal amounts of t.me that should be devoted 
to science and mathematics instruction. At the lower ele- 
mentary level, the range is from 20 to 30 minutes per day; 


“Moyer (1987), p. 1. 
Capper (1988), p. iv. 


in upper elementary grades, the recommended amount is 
from 35 to 45 minutes per day. The recommendation for 
mathematics is approximately 15 minutes per day more at 
each level. 

Almost every state has a statewide testing program of at 
least one grade level, primarily assessing basic skills of 
mathematics and reading or language arts. Assessment 
programs are growing, however, and 30 states now assess 
students’ science knowledge and skills and 43 assess math- 
ematics outcomes.” 

Reforms in Teachers and Teaching. When asked to 
identify major problems that their states face in improving 
science and mathematics instruction, the majority of state- 
level policymakers point out concerns dealing with teach- 
ers and teaching.” Thirty states indicate a concern about 
teachers’ understanding of science subject matter content 
and the ability to teach science so that students—especially 
young students—will comprehend scientific methodol- 
ogy. One need identified was that “elementary teachers 
need to more fully understand the use of hands-on, in- 
quiry, and activity approaches in teaching science.” 

Teacher shortages is another issue of concern among the 
states—37 states reported a shortage of teachers in terms 
of either quality or quantity.* Other teacher issues in- 
cluded: 


© Tendency of teachers to depend heavily on textbooks 
in teaching science and mathematics, 
© Lack of adequate preservice preparation, and 


© Lack of funding for staff development and teacher 

salaries.” 

Regulation of the amount of science and mathematics 
course-taking required of prospective teachers varies con- 
siderably from state to state. Requirements are particularly 
low for prospective teachers of elementary grades. Ap- 
proximately one-quarter of the states have no science or 
mathematics credit requirements for elementary-level 
teachers. Most states have course requirements in science 
or mathematics for middle/junior high school teachers 
(generally ranging between 12 and 36 semester credit 
hours in science or mathematics), but an occasional state 
has none and several leave this: ecision to the institutions 
offering certification programs. At the senior high level, 
almost all states have rather detailed specifications of re- 
quired science or mathematics course work. One-half of 
the states do not require that secondary teachers take 
coursework in methods for teaching science or mathe- 
matics.” 

Higher-order thinking skills (i.e., the ability to infer 
relationships and draw conclusions and to solve multi- 
step problems) are of particular concern to many educa- 


*Tbid., p. v. 

armstrong, et al., (1988), p. 11. 

*Moyer (1987), p. 12. 

*Lack of funding was reported by 39 states as a major issue. Half of 
these states specifically cited lack of funding for materials and updating 
laboratories as a major problem. 

“Capper (1988), p. vi. 
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tional policymakers, and most states report activity in this 
area. Some states promote the teaching of higher-order 
thinking skills through staff development. For example, 
some states sponsor annual conferences for science and 
mathematics teachers on incorporating problem solving 
into their teaching. Some states have held in-service train- 
ing programs statewide to promote the teaching of these 
skills, while otivers include these skills in their assessment 
programs. In still other states, higher-order thinking skills 
underlie and are the basis for their curriculum guidelines.” 

New Institutional Arrangements. Only a handful of 
states provide sole support for magnet or residential 
schools that specialize in subject area study. Special 
schools are more often supported through private organi- 
zations or through a combination of resources. Fifteen 
states report sponsoring, at least in part, schools that focus 
on science; two more states say that they are considering 
or proposing a special, science-oriented school. Twelve 
states report having special schools that focus on mathe- 
matics; one state is currently proposing, and another cur- 
rently developing, such a school. Some states ;eport hav- 
ing more than one special school.” 

The movement toward administrative and political de- 
centralization of large urban public school systems, such 
as the Chicago system, will no doubt have a significant 
impact upon educational practice—including science and 
mathematics teaching. It is too soon yet to discern the 
details of the effects. 


Impact of State Reforms on Local Schools 


For state efforts at improving science and mathematics 
learning and achievement to be successful, they must be 
effectively implemented in local educational districts and 
schools. Two recent projects—one conducted by the Ed- 
ucation Commission of the States (ECS), the second by the 
Center for Policy Research in Education (CPRE)—have 
studied the effect of state policies on local science and/or 
mathematics curricula. Study findings are described be- 
low. 

The ECS project studied the local impact of various state 
policies designed to improve science curricula—e.g., 
adoption and improvemeni of state curriculum guide- 
lines, selection of instructional materials, increased grad- 
uation requirements, increased instructional time, higher 
teacher certification requirements, assessment of student 
achievement, and evaluation of teaching. The study was 
conducted in California, Michigan, and Virginia as these 
states (1) encompass various mixes of policies and (2) form 
a continuum of state versus local control of education.” 

The study found considerable evidence of positive im- 
pacts of state policy initiatives, but these were not uniform 


*'Moyer — p. 2. 

“Ibid., p.5 

“Armstrong, et al., (1988). Within each state, researchers interviewed 
personnel in four school districts as well as in the respective state depart- 
ment of education. They visited three schools in each district, interview- 
ing central office staff, principals, and teachers. These interviews became 
the basis of case studies and cross-site analyses. 


across states or districts. Among the 12 districts studied in 
depth, classroom impacts were detected in 8. At these sites: 


© Increased time and emphasis were given to science 
instruction—especially in elementary school classes, 


© Teachers made increased use of scientific experiments 
as instructional devices, 


© Instructional materials were more available and of 
higher quality, and 
¢ Instruction was better coordinated among grades. 


Impacts were even more apparent at the district level in 

— of official curriculum revisions, the content of in-ser- 

sessions, and the adoption of textbooks. In 
districts where the implementation of state initiatives was 
successful, the researchers found strong leadership, cen- 
tralization of curriculum revision, discretionary resources 
for materials and teacher training, science specialists at the 
district or school level, and attention paid to monitoring 
the implementation process. 

In some districts (more than half of thoce in Michigan 
and Virginia), state science pe were apparently not 
adopted and consequently no impact on classroom 
instruction. On-site visits to four districts in which impacts 
were generally absent provided a range of explanations, 
including the existence of unusually high-quality pro- 
grams prior to the adoption of new state frameworks, a 
high degree of state autonomy, and rejection of state pol- 
icies on philosophical grounds. 

The CPRE study concentrated on high school gradua- 


tion requirements.” Interview data on the intent and ef- 
fects of these requirements were gathered in 4 states, 13 
districts, and 19 high schools. Comparisons were made of 
graduation requirements in the core academic subjects of 
English, mathematics, science, and social studies. 

The study findings showed that affluent schools and 
districts, which typically enroll large numbers of college 
preparatory students, were relatively unaffected by the 
reforms, usually because they already had graduation re- 
quirements that equaled or exceeded those mandated by 
the state. This applied to 4 of the 13 districts studied; these 
all tended to be affluent, suburban, and white. 

Where district / school graduation requirements were in- 
creased, this generally resulted in the addition of mathe- 
matics and science courses. Out of 19 schools, 17 reported 
additions of mathematics and 16 reported additions in 
science. Moreover—while the ECS study found that 
hands-on activities were increasing in elementary school 
classes because of state reforms—the CPRE study found 
that, at the high school level, the courses added were 
overwhelmingly of the basic, general, or remedial type. 
This suggests that the impact of the reform initiatives was 
largely on middle- and low-achieving students. Of the 17 
schools adding mathematics classes, 15 reported additions 
of basic, remedial, or general courses; this was true of 14 
of the 16 schools adding science sections. 

Thus, it appears that approximately half a decade after 
the implementation of a wave of state education reforms, 
their impact on science and mathematics instruction is 
yielding mixed results. Change is clearly under way; how 
far these changes will go, however, remains to be seen. 


“Clune (1988). 
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Higher Education for Science and Engineering 


HIGHLIGHTS 


Between 1970 and 1987, institutions of higher edu- 
cation have increased in number and size. 


© Considerable growth was experienced by institutions offering 
the science and engineering (S/E) degree at some level. Of the 
total 650 new institutions, about 400 offered the S/E 
degree at some level and about 70 awarded the science 
or engineering Ph.D. The most growth overall (in terms 
of all degree levels) was experienced in “comprehen- 
sive’ institutions, which award relatively few S/E 
Ph.D.s, but considerable numbers of S/E baccalaureates 
and master’s degrees. (See pp. 47-48.) 


e Ph.D.-granting institutions also award relatively high per- 
centages of lower level S/E degrees. While some 307 institu- 
tions offered the Ph.D. in 1986, 95 percent of all S/E 
Ph.D.s were awarded by 205 institutions. These same 
205 also awarded 53 percent of the S/E baccalaureates 
and 72 percent of the S/E master’s. (See p. 48.) 


Freshmen continue to display declining interest in 
some S/E fields. _ 


© Fewer freshmen plan majors in engineering or computer sci- 
ence. Between 1982 and 1987, the percentage of freshmen 
planning undergraduate degrees in engineering fell 
from 22 percent to 17 percent among men and from 4 
percent to 3 percent among women. Both genders com- 
bined displayed declining interest in computer science 
majors, from 4 percent in 1982 to 2 percent in 1987. 
Interest in the physical sciences as a major has not 
changed. In contrast to these indicators, freshman full- 
time enrollments in engineering baccalaureate 
programs increased in 1988 for the first time in 6 years 
by about 2,500 students. (See pp. 49-51.) 


Graduate S/E enrollments of U.S. citizens have not 
grown since 1986, while those of foreign citizens 
continue to increase. 


© In 1987, the long-term trend of increasing graduate enroll- 
ments of U.S. citizens in science and engineering programs 
halted, and these enrollments remained flat in 1988. Fields 
experiencing absolute declines in U.S. citizens included 
engineering and the physical and environmental scien- 
ces. (See pp. 52-53.) 


© Enrollment of graduate students from abroad increased in 
virtually all fields in 1988, continuing a long-term trend. In 
engineering, nearly 5 of every 10 students is a non-U.S. 
citizen, and 4 of 10 in the mathematical and computer 
sciences are from abroad. Since 1986, the entire increase 
(about 9,000 students) in graduate enrollments in S/E 


programs was accounted for by enrollments of non-U.S. 
citizens. (See p. 53.) 


U.S. institutions continue to award more S/E 
Ph.D.s, especially to foreign citizens and to U.S. 
women. 


© Total S/E Ph.D.s awarded in 1988 increased by 945 degrees 
over 1987. U.S. citizens accounted for one-third of this 
increase, halting a declining trend over the decade. En- 
gineering showed the strongest gains among U.S. citi- 
zens. (See p. 53.) 


© Women U.S. citizens continue to earn increasing proportions 
of S/E Ph.D.s. Among U.S. citizens, they earned 32 per- 
cent of S/E Ph.D.s in 1988, up from 17 percent in 1975, 
and were awarded 52 percent of non-S/E Ph.D.s. (See p. 
55.) 


© Foreign citizens on temporary visas continue to earn increas- 
ing proportions of U.S. S/E Ph.D.s. Foreigners on tem- 
porary visas earned 40 percent of engineering and math- 
ematics Ph.D.s and 24 percent over all S/E fields. (See p. 
55.) 


Patterns of support for graduate S/E students have 
changed over the decade. 


© Non-Federal sources of support for graduate S/E study have 
increased faster than Federal sources. However, the total 
number of students reporting mainly Federal assistance 
in their graduate S/E study in 1988 increased 4 percent 
over 1987. (See pp. 56-57.) 


© Institutional sources of support have grown most strongly 
throughout the decade. In 1988, about 44 percent of grad- 
uate S/E students reported institutional support as their 
main source of support, versus 40 percent in 1980. (See 
pp. 56-57.) 


© Research assistantships have become the dominant mech- 
anism of support. Growth in research assisiantships as the 
primary support mechanism has been about 5 percent 
per year since 1980. This mechanism of support now 
outnumbers all other support types, including ‘‘self- 
support.” (See p. 57.) 


More scientists and engineers employed on the 
Nation’s campuses report research as their prim 
work activity. They are also older and hold higher 
rank, overall, than earlier in the decade. 


© Increases in “research intensiveness” on the Nation's cam- 
puses are evident since 1981. This increase in research 
intensiveness, as opposed to teaching, was particularly 
strong in engineering, where 33 percent of the doctoral 
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This chapter discusses indicators of higher learning in 
science and engineering (S/E). These indicators are 
grouped into five general topic areas: 


¢ The institutions that offer S/E degrees in the United 
States, with measures showing how the mix of these 
institutions has changed over the past few decades 
and which types of institutions offer S/E degrees at 
different degree levels and in different S/E fields; 


¢ Information on students in these institutions, includ- 
ing limited data on undergraduate enrollments and 
plans for an S/E major, and more extensive coverage 
of graduate enrollments in S/E fields by various stu- 


dent subgroups; 


© Recent S/E degrees awarded by these institutions, 
with trends in Ph.D. awards through 1988; 


© Changes in how U.S. S/E graduate students finance 
their education; and 


© Data on faculties in S/E higher education. 


For the first time in the Science & Engineering Indicators 
series, the chapter opens the discussion of S/E higher 
education with an overview of the institutions in which 
this learning occurs. A recent reclassification of the 3,100 
colleges, universities, and specialty schools in the United 
States permits tracking the changes in their different roles 
in S/E education since 1970. The distinct educational roles 
of the various categories of institutions become clear as 

ups of institutions are compared in terms of the levels 
and fields of S/E degrees they award. 

Undergraduate enrollments in engineering programs 
and surveys of freshmen as they enter higher education 
are used as indicators of aspirations and intentions to 
obtain a science or engineering degree. The chapter then 
turns to data on S/E graduate enrollments in doctorate- 
granting institutions. 

in science and engineering fields are indicators 
of achievement in learning, and these are the subject of the 
third section. The discussion pays particular attention to 
Ph.D. attainment among population subgroups and by 
USS. citizens as a whole, reflecting ongoing concern of 
policymakers about these trends. For the first time in this 
series, this chapter separates out U.S. citizen Ph.D. earners 
by gender and racial/minority groups. 

Financial support of students in S/E higher education is 
an indicator of the value society places on these endeavors, 
and the different sources and mechanisms of S/E graduate 
student support are the subject of the following section. 
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the fields with proportions of teaching staff 
over the age of 50d in ese gee all S/E fields have 
experienced declining proportions of younger faculty 


members since 1977. (See p. 59.) 


The chapter concludes with indicators of the faculties 
who teach and guide these students. These indicators con- 
cerning the professoriate are largely restricted to its teach- 
ing functions and general population characteristics; chap- 
ter 5 covers its research activities. 


INSTITUTIONS IN S/E HIGHER EDUCATION 


The approximately 3,100 institutions of higher educa- 
tion in the United States do not play equal roles in science 
and engineering education and research.' For example, in 
some fields, degrees awarded at the baccalaureate, mas- 
ter’s, and Ph.D. levels are more concentrated in the Ph.D.- 
granting institutions than in other fields. Also, the number 
of institutions has expanded over the past two decades, 
and individual schools have developed into different 
types of schools as they have increased their program 
offerings to meet the demands of the growing student 
population. 

A widely used classification of colleges and universities 
has been developed by the Carnegie Foundation for the 
Advancement of Teaching (1987).? The Carnegie classifica- 
tions were initiated in 1970 and revised slightly in 1976 and 
1987. They thus can be used to track changes over time in 
the general structure of the U.S. higher educational system 
as well as in individual institutions, including the relative 
roles of different institutional types in awarding S/E de- 

3 

The toundation’s classification scheme is based on a 

combination of factors, including: 


¢ Amount of Federal support, 


¢ Numbersand levels of degrees awarded and numbers 
of programs awarding such degrees, and 


e An index of institutional “selectivity” (for the liberal 
arts institutions) developed from a number of mea- 
sures. 


Institutional Change Since 1970 


Between 1970 and 1987, about 650 new institutions of 
higher education were established in the United States, 


'This section focuses on the various educational roles played by these 
institutions. For discussions of their respective research and development 
activities, see chapters 4 ard 5. 

universe of institutions classified are those canvassed by the 
Higher Education General Information Survey of the National Center for 
Education Statistics, U.S. Department of Education. 

‘See Carnegie Foundation for the Advancement of Teaching (1987) for 
a similar discussion of institutional types broken out by total enrollment 
trends. 


the total to about 3,100 institutions. (See appendix 
table 2-1.) Of these, approximately 2,400 offer an S/E 
degree at some level—i.e., from a 2-year (associate) degree 
to the doctorate. 
In discussing the roles of these institutions in awarding 
S/E degrees and how these roles have evolved since 1970, 
three aspects of change must be considered: 


© Increases in the number of institutions awarding S/E 
degrees; 

¢ Growth in the total number of institutions, especially 
at lower degree levels; and 


¢ Expansion of institutions’ programs, leading to sub- 
sequent reclassification. 


During the period 1970-86, the number of institutions 
awarding the S/E Ph.D. increased by about 70 schools. By 
1986, 300 institutions (13 percent) awarded S/E Ph.D.s. 
Half of this increase was accounted for by “comprehen- 
sive” and “other” schools, which offer relatively few 
Ph.D.s. (See appendix table 2-1.) In addition, the ‘‘doc- 
torate-granting” classification grew by 35 universities 
over the 16 years; this ily reflected the movement of 
comprehensive institutions into this category through pro- 
gram expansion and proliferation. 

Much larger growth was experienced in the group iden- 
tified as comprehensive institutions. One-hundred fifty 
schools were added to this category between 1970 and 
1986 in response to several developments in higher educa- 
tion, including: 

© Growth and expansion of programs in schools for- 

merly identified as “liberal arts,” and 


¢ Growth of large statewide higher educational systems 
in the 1970s. 


Comprehensive colleges may award few doctorates (see 
 — table 2-2), but they produce large numbers of 
baccalaureate and master’s degrees. 

The number of colleges in the liberal arts category that 
award S/E degrees has shrunk slightly—from 570 in 1970 
to 532 in 1987—largely due to expansion of their programs 
and subsequent reclassification. This group of schools in- 
cludes both nationally well-known, highly selective liberal 
arts colleges as well as a large group of colleges oriented 
to local industries and continuing education. About 10 
percent of these schools offer master’s degrees in one or 
more S/E fields. 

The rapid expansion of 2-year colleges offering the as- 
sociate degree is evident in appendix table 2-1. Over 200 
of these colleges offering a technical degree were estab- 
lished between 1970 and 1986, bringing their total to 826 
institutions. 

“Specialized”’ schools offering a science or engineering 
degree doubled in number between 1970 and 1986. Most 
of these schools are in the health sciences. 


S/E Degree Awards in 1986 


A cross section of the 1987 Carnegie institutional clas- 
sification, broken down by numbers and levels of S/E 
degrees granted in 1986, underlines the different roles of 


the institutional types in the science and engineering pipe- 
line. Increasingly large proportions of all S/E degrees are 
granted by the 205 doctoral institutions (though some 307 
institutions overall awarded S/E Ph.D.s). These 205 in- 
stitutions grant almost all (95 percent) of the Ph.D.s, over 
half (53 percent) of the baccalaureates, and almost three- 
quarters (72 percent) of the master’s degrees in science and 
engineering. (See appendix table 2-2.) Doctoral institutions 
also award 7 percent of all S/E associate degrees. Most of 
these latter, however, are granted by community colleges 
which, in 1986, awarded 77 percent of these 2-year degrees. 

While liberal arts colleges constitute 37 percent of the 
institutions granting S/E baccalaureate degrees, they 
awarded only 9 percent of these degrees in 1986. These 
schools granted 1 percent of the master’s and 2 percent of 
the associate S/E degrees.‘ 


Institutional Classification and Degree Field 


The roles of different classifications of institutions vary 
across broad S/E fields. (See appendix table 2-3.) For ex- 
ample, liberal arts colleges award few engineering bach- 
elor’s degrees (2 percent of the total in 1986). Engineering 
degrees at all levels are more often awarded by doctoral 
institutions, though the comprehensive institutions confer 
26 percent of engineering baccalaureates and 13 percent of 
the master’s degrees. (See figure 2-1.) Finally, a small 
group of specialized institutions award about 6 percent of 
+ ng baccalaureates and 3 percent of the master’s 


+ contrast to their negligible role in engineering educa- 
tion, liberal arts colleges grant 12 percent of science bacca- 
laureates, reaching 17 percent in the physical sciences and 
14 percent in psychology. The comprehensive colleges also 
grant relatively more science than engineering —— (37 
percent of science bachelor’s, and 27 percent o 
master’s, degrees). Comprehensive institutions also pro- 
duce relatively high percentages of mathematics and com- 
puter science degrees: 44 percent of the combined bach- 
elor’s and 29 percent of master’s. 


THE S/E STUDENT POPULATION 


Changing Demographics 

The size of the U.S. population groups normally attend- 
ing institutions of higher education is declining. For ex- 
ample, 18- to 21-year-olds—the traditional undergraduate 
student cohort—have been declining in number since 
1981. (See appendix table 2-4.) 

Decreases in the indicators discussed here may reflect 
this changing size of the relevant population group; they 
might also reflect changing choices of individuals. Thus, 
attention should be paid to changing rates as well as to 
absolute measures. 

For example, the data in appendix table 2-4 show that 
there is not a continuous direct relationship between 


‘See NSB (1987), pp. 47-48, for a discussion of the major role these 
institutions play in producing baccalaureate recipients who go on to earn 
S/E Ph.Ds. 


Figure 2-1. 


S/E bachelor’s and master’s degrees, by field and institution type 
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universities. Enrollments of 18- to 21-year-olds have not 
declined as rapidly as the size of that population group; 
thus, the college-going rate of the group has increased 
overall.*° Consequently, the observations in this section are 
based on trends over time and not on annual fluctuations. 
These increases, especially among women (both black and 
white), have helped compensate for the decline in the 
cohort size to keep enrollments high at U.S. colleges and 
universities.° Also, growing proportions of U.S. high 
school graduates overall pursue higher education, a trend 
that has been sustained for at least a decade. (See figure 
2-2.) 

Indicators for certain population subgroups contrast 
with the overall trend. Black males aged 18 to 21—after 
increasing their college enrollment rates by about 5 per- 
centage points from 1980 to 1985—more recently have 
failed to increase alongside the overall cohort; they may 
actually have begun to decline. Likewise, attendance rates 
of 18- to 21-year olds of Hispanic origin show little, if any, 
increase. (See appendix table 2-4.) 


*As estimated in the U.S. Bureau of the Census’ Current Population 
Survey (CPS) conducted each October. CPS is a survey of approximately 
60,000 households, covering about 125,000 people and 8,000 college 
students. Some of the detailed categories in these data are necessarily 
small, and trend data based on them are subject to considerable year-to- 
year fluctuations. 

“Significant differences in these trends are likely to exist among indi- 
vidual institutions, across fields, and in various geographic regions. 
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Engineering Enrollments. Most undergraduates plan- 
ning a degree in the sciences need not declare their major 
field until the second or third year of study. In contrast, the 
engineering bachelor of science is a 4- or 5-year profes- 
sional curriculum starting in the freshman year; head- 
counts of students in these programs provide early in- 
dicators of freshman plans. Surveys by the Engineering 
Manpower Commission provide trend data on the full- 
and part-time enrollments in both baccalaureate and 
shorter programs.’ 

In the fall of 1988, approximately 346,000 students were 
enrolled full time in an engineering baccalaureate pro- 
gram. (See appendix table 2-5.) Freshman full-time enroll- 
ments in the 4- and 5-year programs, after decreasing for 
5 years, increased in 1988 by about 2,500 students. (See 
figure 2-3.) Total part-time enrollments in these programs 
also increased. Since some of these part-time students are 
midcareer and may be returning to class for specific cour- 
ses only, it is unclear how many of these students intend 
to obtain a degree. In 1988, part-time enrollments were 11 


“American Association of Engineering, Societies (1989). The data on 
engineering programs are from 4- and 5-year programs approved by the 
Accreditation Board of Engineering and Technology (ABET). Upon suc- 
cessful completion of these programs, the student receives a bachelor ot 
engineering degree or, in the case of the 5-year programs, an engineering 
professional degree. Engineering technology enrollments, in contrast, are 
usually in 2-year programs terminating in an associate degree, but some 
of these programs also include 4-year study. Data on engineering tech- 
nology enrollments in appendix table 4-5 are from all programs, not just 
ABET-approved programs. 


percent of full-time enrollments, and this ratio has hardly 
changed over the decade. 

Enrollments by freshman blacks increased from 5,800 to 
6,100 from 1986 to 1987, and total black undergraduate 
enrollment increased from 16,800 to 17,300. Hispanics, 
too, increased their freshman enrollment in engineering 
curricula from 4,300 to 4,500 and from 16,300 to 17,100 
overall. Students of Asian origin increased 10 percent 
among engineering freshmen (to 7,100) and 12 percent 
overall (to 30,100). 

Engineering Technology Enrollments. Full-time enroll- 
ments in engineering technology programs—at both the 
associate and bachelor’s levels—declined throughout the 
1980s. (See appendix table 2-5.) However, part-time enroll- 
ments in these programs have shown recent growth, pos- 
sibly reflecting increasing midcareer study. The growing 
number of engineering technology programs (from 200 in 
1985 to 310 in 1988) suggests that schools are developing 
programs to accommodate students who cannot study full 
time. 


*The data in this paragraph are from Ellis (1988). 


The 1987 Freshman Class.’ Declining enrollments in 
engineering are being driven not only by decreases in the 
size of the 18-year-old population but also apparently by 
reduced interest in the field among students in successive 
freshman classes. Between 1982 and 1987, the percentage 
of freshmen planning a baccalaureate in engineering de- 
clined from 12.6 percent to 9.4 percent. (See figure 2-4.) 
Both male and female interest in engineering majors is 
falling: among men, from 22.3 percent in 1982 to 17 percent 


*Data in this section are from the University of California at Los Angeles 
(UCLA) Cooperative Institutional Research Program, which each fall 
surveys entering freshmen on various characteristics and their future 
plans. Excluded from this survey are part-time freshmen and students 
who have previously attended college for credit. The data also exclude 
students at semiprofessional and proprietary schools, as well as those at 
certain very small schools. Data here are from UCLA (1982-87), or—when 
so cited—special unpublished tabulations. (In the latter case, only fresh- 
men at 4-year colleges and universities are included.) For a complete 
description of the survey methodology, see any of the UCLA volumes. 


in 1987, and among women from 3.6 percent to 2.7 per- 
cent.'° 

Freshman plans for a major in computer science have 
also fallen, dropping from 4.4 percent in 1982 to 1.6 percent 
in 1987 (both genders combined). (See text table 2-1.) In- 
ee nate pe Sep sciences and social sciences 

majors have been noted in the UCLA surveys. 
(Gee footnote 9.) 

In the nonscience fields, business has remained the ma- 
jor of choice for about 25 of every 100 freshmen since 1982; 
the arts and humanities, however, have increased as a 
major choice, rising from 8.2 percent in 1982 to 11.3 percent 
in 1987. Student also indicate a trend noted in Science 
& Engineering Indicators—1987:"' over all fields, more fresh- 
men are planning to study longer and obtain a higher 
degree. (See text table 2-1.) 

When freshmen = 
grees are broken down by 


ences emerge on self-reports of high schoo 


science or engineerin 
field category ie 


grade point 


"Data on freshman for engineering majors from another source, 
the Admissions Testing Program of the College Board, are reported in 
Lane (1988). 

"NSB (1987), p. 41. 
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averages (GPA), aspirations to the Ph.D., and career plans. 
(See figure 2-5.)'* For example, less than one-third of stu- 
dents planning degrees in the environmental, computer, 
and social sciences report a high school GPA of “A,” while 


"NSB (1985), pp. 98-100. 


Figure 2-5. 
Freshman plans and characteristics, by selected 
planned undergraduate major 


Reporting high school GPA of "A" 
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SOURCE: UCLA, Higher Education Research institute, unpublished 
Science & Engineering indicatore— 1969 


over half of those anticipating majors in the physical scien- 
ces and mathematics report this level of performance. 
Regarding plans for the Ph.D., 41 percent of freshmen 
planning baccalaureates in the physical sciences hope to 
attain the doctorate, as do about one-fourth of freshmen 
looking to a bachelor’s in mathematics or the environmen- 
tal, biological, or social sciences. In sharp contrast, only 
about 12 percent of freshmen planning an undergraduate 
degree in computer science state that they hope to attain 
the Ph.D. 
ing on their field of interest, freshmen planning 
S/E degrees differ greatly in their plans for a career as a 
“research scientist.” One-third of freshmen anticipating 
physical science majors, one-fourth of planned environ- 
mental science majors, and one-fifth of planned biological 
science majors foresee a future as a research scientist (35 
percent of the latter plan to enter the medical profession). 
Three percent of freshmen hoping to attain a bachelor’s in 
mathematics plan to become research scientists, and !ess 
than 1 percent in computer and social sciences anc in 
ineering have such plans. 
Merit Scholars. Another indicator of freshman plans 
can be obtained from the stated choice of major of Merit 
Scholars.'"? While the percentage of scholarship winners 


"NSB (1977), p. 159. Merit Scholarships are competitive grants ad- 
ministered by the National Merit Scholarship Corporation, Evanston, 
Illinois. For a complete description of the program, see National Merit 
Scholarship Corporation (1982-88). 
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1982 1983 1984 1985 19866 1987 
Percent 

Highest degree planned 
ee cds wees cee 82 85 92 92 97 132 
Ne ac ce en ong LEE nicks eects < 35 34 312 NE 330 392 
Se cee gewas anes ntekaeessen 383 35 376 32 BSE 315 
Probable major 
Biological sciences ........................ 3.7 38 42 34 39 44 
SIR «ove co hsbc coca aa deceeccsedes 126 11.7 110 107 109 94 
Physical sciences’ ........................ 25 25 26 24 24 26 
Social sciences ....... 2.2... eee cece ees 58 61 67 76 80 10.1 
Computer science ...............5..02-05-. 44 45 34 23 19 16 
IN Sas euch coude bababckek «cau bcos 242 244 264 268 269 25.7 
a ceehevesesbboes 60 60 65 71 81 88 
Arts and humanities ....................... 82 79 77 83 90 113 
One of the professions ..................... 13.3 144 141 129 11.7 10.7 
Probable career occupation 
Computer programmer or analyst ............. 88 85 61 44 35 24 
Scientific researcher ........ 2.2... 2.2. e eee 15 15 15 14 14 18 
EE ets ci ceckcdccudesacsecctrispeae 120 108 104 100 97 84 
College teacher............. 2... cece eee 02 02 03 03 O03 O3 
‘includes mathematics. 
SOURCE: UCLA (1962-87). 
See figure O-14 in Overview. Science & Engineering indicators— 1989 


who have planned a major in science or engineering has 
varied over the years, recent trends are downward. (See 
appendix table 2-6.) Proportions choosing engineering, the 
sciences overall, and the health sciences are declining; 
simultaneously, more Merit Scholarship winners are plan- 
ning majors in the social sciences and humanities. (See 
figure 2-6.) 


Graduate Enrollments" 


Enrollments of U.S. citizens in graduate science and 
engineering programs have not increased since 1986. In 
contrast, students from abroad continued to enroll in these 
programs in increasing numbers: in 1988, one in four 
graduate students studying science and engineering in 
U.S. universities was from abroad. 

Other changes are occurring among the graduate S/E 
student population and the institutions they attend. De- 
creases in part-time enrollments, and sharp differences in 
enrollment rates among fields of study, become apparent 
when overall enrollment data are disaggregated. More 
women undertake graduate S/E study, and the various 
racial and ethnic groups display different patterns of 


‘*The graduate enrollment data discussed in this section are limited to 
enrollments in S/E doctorate-granting institutions. These enrollments 
accounted for 85 percent of ail graduate enrollments in 1987 and about 93 
percent of total full-time enrollments. For details of the survey universe 
and student populations, see NSF (1989a). 


See appendix table 2-6. 


enrollment. These and other trends are discussed in the 
following paragraphs. 

Overall S/E Enrollments. In 1988, total enrollments in 
all S/E fields combined increased by 1 percent over the 
previous year, a slowing of the 1980-86 trend of an annual 
2-percent increase. (See figure O-15 in Overview.) Virtual- 
ly all of the 1988 growth in total enrollments was in the 
sciences; graduate engineering enrollment has remained 
unchanged for 3 years. 

Enrollments by Citizenship. Graduate S/E students 
who are US. citizens increased by 1,300 students in the 
sciences in 1988, but decreased in engineering by 1,400. 
(See appendix table 2-8.) Other fields experiencing ab- 
solute declines in the number of U.S. citizens enrolled were 
the environmental sciences (5.6-percent drop)"* and the 
physical sciences (0.6 percent). 

Foreign enrollments increased in all S/E fields, continu- 

nga trend that hasbeen widely noted and discussed."* In 

and part-time study combined, increasing matricula- 

tion in science and engineering programs by non-US. 

citizens accounted for the entire growth in enrollments 
from 1987 to 1988. (See text table 2-2.) 

Non-US. citizens are attracted to particular fields of 
study. In 1988, nearly 5 of every 10 full-time engineering 
students in doctorate-granting institutions were non-U.S. 
students. (See figure O-16 in Overview.) In the science 
fields, foreign students made up 37 percent of enrollments 
in the physical sciences and about 43 percent in both the 
mathematical and computer sciences. 


“The environmental sciences in these data include atmospheric scien- 
ces, geosciences, and oceanography. 
"See, for example, NRC (1988b); and NSF (1986). 
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Text table 2-2. Graduate S/E enrolime nts by 


citizenship and enrciiment status 
Full-time Part-time Total 
—Percent change 1967-88— 
Total enroliment .......... 1.9 02 1.2 
Total U.S. citizens ....... 0.3 -0.6 -0.03 
Foreign citizens ......... 5.5 29 5.2 
Note: includes only doctorate-granting institutions. 
See appendix tables 2-8 and 2-9. 
Science & Engineering indicators— 1989 


Enrollments by Gender. Women have traditionally 
specialized in the sciences or engineering at rates below 
those of men. Thus, this large population group has be- 
come a focus of attention for policymakers and educators 
concerned with future supplies of scientific and engineer- 
ing personnel."’ 

Enrollments of women in graduate S/E programs con- 
tinued to increase in 1988, and the rate of increase overall 
is higher than earlier in the decade.'* By contrast, in en- 
gineering, increases averaging 10 percent yearly from 1980 
to 1987 slowed to 3 percent in 1988. (See appendix table 
2-7.) In both time periods, however, the rates of increase 
for women exceeded those of men. Women make up about 
32 percent of the total graduate S/E enrollment and earn 
about 32 percent of the doctorate S/E degrees awarded to 
USS. citizens. 

Like other population groups, women tend to concen- 
trate in certain broad fields. make up particularly 
large proportions of total graduate enrollments in psychol- 
ogy (63 percent), the social sciences (47 t), and the 
life sciences (41 percent). (See appendix table 2-7.) While 
they account for smaller proportions in the physical scien- 
ces (22 percent), mathematics (29 percent), and engineer- 
ing (13 percent), their enrollments have been increasing 
faster in these fields." 

Enrollments by Racial/Eihnic Group. The extent to 
which different population subgroups—e.g., women, 
some minorities, and older students”—choose careers in 


"For discussions of women at other points in the scientific and en- 
gineering pipeline, see the appropriate sections in other chapters of this 
report. Detailed data are presented in the biennial series Women and 
Minorities in Science and Engineering; for the most recent volume, see NSF 
(1990). A recent discussion of issues involving women in science and 
— ing can be found in NSF (1987b). 

statistics discussed in this section obscure the nationality of the 
men and women described; the questionnaire from which these data are 
produced does not allow for classifying by gender and nationality. How- 
ever, because most non-US. citizens enrolled in S/E graduate programs 
are men, the enrollment data for women discussed here may be assumed 
to include mostly U.S. citizens. Conversely, the enrollment data for men 
in this section include much of the enrollment by non-US. citizens. 

“In general, graduate S/E fields that attract relatively fewer women 
than men also tend to be fields with high enrollment of non-U S. citizens. 
If the assumption is correct that most of these students are male, then the 
enrollment rates of females in these fieids among students who are US. 
citizens could be expected to be higher than identified here. 

A recent study of characteristics of students 25 and older is reported 
in Aslanian and Brickell (1988). 


engineering and science has attracted increasing attention. 
For example, a recent survey of campus administrators 
reports that many of them perceived their institution's 
performance in attracting minority students as “fair” or 
“poor.”?! 

About 600 more black U.S. citizens enrolled in graduate 
S/E programs in doctorate-granting institutions in 1988 
over 1987. (See appendix table 2-8.) These increases were 
spread across all fields, except for a 6-percent decrease in 
mathematics (about 20 students). Among U.S. citizens in 
engineering programs, only 1 student in 50 is black. 

Enrollments of white U.S. citizens, though relatively 
unchanged overall, decreased by 3 tinen 

. (See appendix table 2-8.) S/E graduate students 
origin (U.S. citizens only) have increased their 
as ieatentineinanen engineering 
in the 1980s; this trend was halted in 1988. Enrollments of 
USS. citizens who identify themselves as of Asian back- 
ground continue to increase in virtually all fields. (See 
appendix table 2-8.) Overall, the rate of enrollment growth 
of this population group was 9 percent in 1988. The largest 
increase for citizens of Asian origin was in the physical 
sciences (22 percent). 

Part-Time Enrollments. Science & Engineering Indica- 
tors—1987 noted yee, ten apt pre my 
students in science and who study 
In 1988, this decade-long trend may ioveaaill 
graduate enrollments in engineering—especially among 
US. ci y accounted for the slowdown.” (See 
appendix table 2-9.) 

Enrollments by Field. As noted above, the sciences 
continued to grow in total graduate enrollments in 1988 
over 1987 while engineering enrollments remained un- 
changed. Among science fields, the environmental 
sciences lost enrollment; this continued a 4-year trend in 
this field. In contrast, the mathematical sciences have ex- 
et enrollment growth throughout the dec- 

y i> Comm of enrollments by non-US. citi- 
- Other fields with strong growth in 1988 were 
computer science and psychology; both showed a 3-per- 
cent increase. 


{+ il 


Postdoctoral Appointments 


In 1988, about 20,000 researchers held postdoctoral 
training positions in U.S. research universities. About 


“'See El-Khawas (1988). 

2NSB (1987), p. 43. 

Relatively few foreign students attend graduate S/E programs part 
time, largely because of visa regulations. 
**Data for this section are from NSF, Survey of Graduate Science and 

Students and Postdoctorates. Postdoctorates include those 

individuals with science or engineering Ph.D.s, M.D.s, D.DS.s, or 
D.V.M.s (including foreign degrees that are equivalent to U.S. doctorates) 
who devote their primary effort to research activities or study in the 
department under temporary appointments carrying no academic rank. 
Such appointments are generally for a specific time period. Postdoctorates 
may contribute to the academic program through seminars, lectures, or 
by working with graduate students. Clinical fellows, and those with 
appointments in residency training programs in medical and health 
professions, are not included unless the primary purpose of the appoint- 
ment is research training under the supervision of a senior mentor. See 
NSF (1987), p. 44. 


1,700 of these were in engineering fields, but this number 
has been increasing annually by about 8 percent since 1980. 
(See appendix table 2-10.) In contrast, the number of post- 
doctorates in scientific fields has grown at an annual rate 
of about 5 percent over the same period. 

Postdoctoral appointments generally grow in conjunc- 
tion with expanding academic research budgets, and this 
has been the case throughout the 1980s.” In the life scien- 
ces, where most (57 percent) of these positions are located, 
positions increased 11 percent in 1988 over 1987. 

Foreign citizens increasingly receive postdoctoral ap- 
pointments. (See figure 2-7.) Their percentage of all posi- 
tions in the life sciences increased from 30 percent in 1980 
to 42 percent in 1988. In engi non-US. citizens hold 
66 percent of the postdoctoral positions, though this per- 
centage has not changed considerably since 1980. Total 
postdoctoral appointments held by foreigners have also 
grown faster than those held by U.S. citizens: about 8 


percent versus 3 percent per year, respectively, since 1980. 


“See chapter 4. NRC (1988a) provides detailed data on postdoctorates 
by fine field. 


Figure 2-7. 
Foreign S/E postdoctorates, by field: 1980 and 1988 
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See appendix table 2-10. Science & Engineering indicatore— 1989 


SCIENCE AND ENGINEERING DEGREES 
Overall Degree Trends 


Ph.D.s in S/E fields accounted for 60 percent of all 
doctorates awarded in 1988—an increase of 5 

ints over the past decade. (See appendix table 2-11.) 

The total of S/E doctorates awarded by U.S. universities 
increased in 1988 over 1987 by about 945 degrees. The 
sciences and engineering each accounted for about half of 
this increase. (See appendix table 2-12.) Only Ph.D.s in the 
social sciences and failed to increase. 

The last year for which data on bachelor’s and master’s 
degrees is available is 1986.” Undergraduate awards in 
science and engineering combined increased from 1985 to 
1986 by 2,500 degrees, to a total of about 324,000 degrees. 
(See appendix table 2-11.) This was 30 of all bac- 
calaureates awarded in the U.S., a ratio that has not 
changed for 3 years. Baccalaureate awards declined in the 
physical sciences, environmental sciences, and life scien- 
ces. Eight hundred fewer students received engineering 
bachelor’s degrees in 1986 than in 1985. 


Doctoral Degrees by Citizenship 


Following a declining trend for most of the decade, U.S. 
citizens earned about 300 more Ph.D.s in the sciences and 
engineering in 1988 than in 1987. (See appendix table 2-14.) 
Most of these increases were in engineering (220 degrees), 

inuing a 5-year trend. 

Ph.D.s earned by foreign citizens on temporary student 
visas account for a growing share of total Ph.D.s awarded 
by U.S. institutions ::: most broad science and engineering 
fields. This phenot...non has attracted widespread atten- 
tion, leading to speculation about the impacts of this in- 
creasing presence of non-US. citizens on higher education, 
future ies of doctoral scientists and engineers for the 
US. labor market, and the wisdom of relying on immigra- 
tion of doctoral scientists.” 

Across the sciences and engineering combined, non-US. 
citizens on temporary visas earned 24 percent of the Ph.D.s 
in 1988, up from 15 percent a decade ago. (See figure 2-8.) 
ia bath Glo qutheniatied! ectensee axl exginsative, tun 

visa-holders earned 40 percent to 41 percent of the 

D.s in 1988. Also in that year, non-U.S. citizens earned 
25 of the Ph.D.s in the social sciences. (See appen- 
dix table 2-13.) 


Ph.D. Degrees by Gender 


The share of total degrees in the sciences and engineer- 
ing earned by women has remained at about 26 percent for 
3 years. (See appendix table 2-11.) Since the majority of the 
S,'E Ph.D. earners from abroad are male, the heavy pro- 
portion of non-US. citizens in this ratio hides the relative 
shares of male and female U.S. citizens. When Ph.D.s 
awarded to foreigners are removed from the total figures, 


*For data on degrees using the categories of “job-related” versus 
in the arts and sciences, see (1987). 


example, see NRC (1988b), especially the essays by Drucker, 
Kuswa, and Luco; and NSF (1986). 
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the share of degrees earned by U.S. female citizens in- 
creases considerably. 

In all non-S/E fields, U.S. females earned 52 percent of 
the Ph.D.s awarded in 1988. (See figure 2-9.) They earned 
32 percent of the S/E doctorates awarded to U.S. citizens 
in 1988, up from only 17 percent in 1975. In 1988, U.S. 
female citizens earned 10 percent of the engineering doc- 
torates awarded to U.S. citizens and 36 percent of the 

science doctorates. However, women are 
increasing their rates of ining the engineering Ph.D. 
faster than men, about 16 percent per year versus 7 t 
per year over the past 4 years. Women’s shares of Ph.D.s 


no, ma the life sciences—where they have 
always been well represented—have increased from 32 
percent to 55 percent and from 21 t to 35 percent, 


respectively, since 1975. (See appendix table 2-14.) 
Ph.D.s by Racial/Ethnic Group 


Over the past decade, black U.S. citizens have been 
earning fewer Ph.D.s in science and engineering: in 1988, 


i Femal — 


- ee Tt 5 
-_ ocam* 
aan o* 
S haat thes eos 2 


| ae ee ee ee ee | 
1976 197R 1000 1002 1904 1986 1988 


See appendix table 2-14. Science & Engineering indicatore— 1989 


they received 231 such degrees compared with 278 in 1978. 
(See appendix table 2-15.) Ph.D.s awarded to black female 
citizens declined in 1988 for the fourth year in a row, 
though black female citizens earned 390 non-S/E Ph.D.s 
in 1988 versus 337 in 1987. Black male citizens earned 127 
S/E Ph.D.s in 1988. While this was a slight increase over 
1987, it was down considerably compared to the late 1970s. 
In contrast, Ph.D.s earned by Hispanic citizens doubled 
over the same period, from 160 to 319. 

White U.S. citizens earned 299 more Ph.D.s in the scien- 


ces and engi ing combined in 1988 over 1987. This 
accounted for almost all of the increase in Ph.D.s earned, 
and followed 4 years of decline. 


US. citizens of Asian background, despite their sharp 
increases in graduate enrollments, earned only 3 percent 
of the S/E Ph.D.s awarded to U.S. citizens in 1988. 


SUPPORT FOR S/E GRADUATE STUDENTS 


How do graduateS/E students pay for their educations? 
Since education is a crucial investment in developing the 
human talent needed for the Nation’s science and en- 
gineering activities, the Federal Government has tradition- 
ally been a key source of support for graduate S/E study. 
Institutions, too—-using funds in their general institutional 
budgets—provide support to graduate S/E students in 
order to attract and retain talented students. Changes in 
support patterns among mechanisms of student support, 
and in the different Federal agencies that provide the most 
graduate S/E student support, are discussed in the follow- 


ing paragraphs. 


Sources of Graduate Student Support 


One source of information on support of graduate S/E 
students is an annual survey of graduate S/E departments 
that requests the “primary” source of support for each 
full-time student.” Four broad categories describe the 
sources of support for graduate S/E students: 


© Federal sources; 


¢ Institutional sources, i.e., funds from schools’ general 
budgets; 


e Other sources, i.e., from sources outside the institu- 
tion other than the Federal Government or the stu- 
dent; and 


© Self-support, including the student's own tuition and 
fees paid. 


Institutional sources of support have grown most rapid- 
ly throughout the 1980s, averaging nearly 4 percent yearly. 
In contrast, total enrollment has grown at a rate of around 
2 percent per year over the same period. (See appendix 
table 2-16.) Increased institutional support for S/E grad- 
uate students has been particularly important in engineer- 
ing and the social sciences. For instance, in the social 
science subfields, expanding institutional support has 
compensated for a decline in Federal support in these 
subfields over the decade. 

Federal sources of graduate S/E support declined dur- 
ing the first part of the 1980s but turned strongly upward 
by mid-decade. (See figure 2-10.) In contrast, self-support 
and other outside sources of support slowed their in- 
creases. 

Federal support of graduate S/E study between 1984 
and 1988 grew most notably among students in computer 


*This section discusses only full-time students in ductorate-granting 
institutions. 

*NSF (1989a). Since students often attend graduate school with a 
package of financial aid from different sources and of different types, 
many sources are not reported. C tly, virtually all support sour- 
ces are u . In addition, no data on the amount of support 
provided are captured by this survey. 


+ i 4 =—" i ‘ i 
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Note: includes full-time S/E graduate students in doctorate—granting 
See appendix table 2-16. Science & Engineering indicatore— 1989 


science (15 percent annually) and the mathematical scien- 
ces (11 percent). Federal sources of support for graduate 
students in the environmental and social sciences declined 
throughout the decade. (See ——— table 2-16.) 

The net result of these differing growth rates among 
sources of support for S/E graduate students was a dif- 
ferent “mix” of support sources in 1988 versus 1980. By 
1988, about 27 percent of S/E students overall reported 
“self-support” as their main support versus 30 percent in 
1980; about 44 percent listed “institutional” support in 
1988 versus about 40 percent in 1980; and about 20 percent 
noted “Federal’’ sources versus 22 percent in 1980. 


Mechanisms of Student Support 


Students receive financial assistance for graduate study 
in the sciences and engineering via five broad mecha- 
nisms.” 

© Fellowships are usually awarded through a competi- 

tion directly tc the student by a source other than the 
institution. 

© A traineeship is also competitive, but is awarded by the 

institution. 


For precise definitions, see NSF (1987a). 
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© Assistantships can be either for research or teaching, 
depending upon how the student’s time under the 
grant is to be spent. 


© “Other’’ types of support include Federal student 
loans and tuitions paid by the Department of Defense 
(DOD). 


© Self-support covers student sources including parental 
support and privately arranged loans. 


During the 1980s, the total number of fellowships and 
traineeships changed hardly at all, in contrast with growth 
in research assistantships that averaged nearly 5 percent 
per year. (See appendix table 2-17.) These trends, however, 
have not been equally distributed among the broad fields. 
Fellowships and traineeships combined have increased in 
engineering and the mathematical, computer, biological, 
and physical sciences. They became less common in all 
other fields. 

Research assistantships have declined only in the agri- 
cultural sciences. Fields experiencing considerable growth 
in the number of S/E students reporting their main source 
of support as research assistantships include computer 
science (14 percent annually), engineering (7 percent), and 
the mathematicai sciences (5 percent). 

Teaching assistantships increased mostly in the mathe- 
matical sciences (4 percent) and engineering (5 percent) 
since 1980. 


Federal Support Patterns 


As noted above, Federal sources as a percentage of all 
sources of support declined between 1980 and 1988. How- 
ever, the number of students reporting Federal sources as 
their primary support increased by about 4,000 students 
over the decade. During this period, both the mechanisms 
of Federal support for graduate students and the relative 
importance of the various Federal agencies in providing 
this support have changed. 

Federally financed traineeships and fellowships have 
generally declined as a percentage of all Federal support 
mechanisms since 1980, but the number of research assis- 
tantships funded by Federal sources has increased suffi- 
ciently to more than offset the declines.*' (See figure 2-11.) 


Research assistantships increased among the mechanisms 


“For a detailed statistical study of federally financed research assis- 
tantships in science and engineering, see Snyder (1988). Among Snyder's 
conclusions were: 

¢ ‘There appears to be a strong relationship between the presence and 

concentration of federally supported graduate research assistants 
(RAs) in a department and a variety of measures commonly as- 
sociated with departmental quality. 

¢ “There are significant differences in the utilization of RAs on re- 

search grants (RAs per $ million) by field, with Chemistry having 
almost 3x the utilization rate as the Biological Sciences. 

¢ “There was a small overall shift in the concentration of federal RA 

support away from the highest rated (top 10 percent) departments 
to lesser rated quality departments. 

¢ “The presence of federal RAs appears to have a positive impact on 

certain outcome measures of graduate education.” 


See appendix table 2-18. Science & Engineering indicators— 1989 


of Federal support, rising from 55 percent in 1980 to 66 
percent in 1988. 

DOD, concomitant with its increased research and de- 
velopment (R&D) funding during the period (see chapter 
4), supported 2,900 research assistantships in 1980 and 
5,900 in 1988. (See appendix table 2-18.) The National 
Science Foundation (NSF), which supports the lion’s share 
of research fellowships among the Federal agencies, in- 
creased its fellowship programs by about 2 percent per 
year, from 1,300 to 1,600. The Department of Health and 
Human Services, which includes the National Institutes of 
Health (NIH), funded fewer fellowships and traineeships 
in 1988 than in 1980, despite recent small increases by NIH. 

In summary, the growth of federally funded R&D seems 
to have had the greatest impact on Federal support for 
graduate S/E students through the proliferation of re- 
search assistantships built into Federal R&D grants. De- 


spite recent new NSF programs and slight increases by 
DOD, federally funded fellowships have not noticeably 
affected overall Federal support patterns in S/E higher 
education. 


HIGHER EDUCATION S/E FACULTIES 


Four-year colieges and universities employ more doc- 
toral scientists and engineers each year. But since recent 
hiring rates have not kept pace with those of the 1950s and 
1960s, these scientists and engineers are relatively older— 
and hold higher ranks—than a decade ago. Moreover, in 
recent years, increasing proportions of scientists and en- 
gineers in academic settings report greater amounts of 
work in research and development, suggesting a growing 
“research intensiveness” of U.S. college and university 
campuses. There are, however, differences among broad 
S/E fields for each of these general trends, as discussed in 
the following paragraphs. 


Overall Employment Trends 


U.S. colleges and universities” employed approximate- 
ly 186,000 doctoral scientists in 1987—or 53 pe -ent of the 
total doctoral scientists employed in the U.S.—and 24,000 
doctoral engineers, or 35 percent of the Nation’s employed 
doctoral engineers. (See appendix table 2-19.) The number 
of doctoral engineers on U.S. campuses has increased at 
twice the rate of doctoral scientists: 10 percent per year 
versus 5 percent per year, on the average, since 1981. 


Patterns of Academic Employment 


The percentage of academic doctoral scientists and en- 
gineers who report teaching as either their primary or 
secondary work activity has not changed considerably 
over the years. (See appendix tables 2-20 and 2-21.) How- 
ever, some fields have considerably more doctoral staff on 
campus who perform research or other tasks to the ex- 
clusion of teaching. Up to 90 percent of mathematical 
Ph.D.s, for example, report teaching as a major work ac- 
tivity; in contrast, in the life sciences, only 60 percent to 65 
percent have teaching duties. Computer science and the 
physical sciences also have relatively large proportions of 
Ph.D.s on campus who do not teach. 

A growing research intensiveness of the Nation's cam- 
puses is further suggested in appendix table 2-20. Between 
1981 and 1987, across nearly all fields, increasing propor- 
tions of academic doctoral scientists and engineers iden- 
tified research and development as their primary work 
activity, while declining proportions identified teaching as 
their primary work activity. This general trend seems 
stronger in engineering than in the sciences: among doc- 
toral engineers, the percentage reporting R&D as their 
primary activity rose from 23 percent in 1981 to 33 percent 
in 1987; corresponding growth among scientists was from 
29 percent to 35 percent. 


“The discussion throughout this section refers only to employment at 
4-vear colleges and universities 


Text table 2-3. Academic doctoral scientists and engineers, by age and field 


Percentage under 40 Percentage 50 or older 
1977 1981 1983 1985 1987 1977 1981 1983 1985 1987 
All scientists and engineers s65 3 3 3 2 26 £80 32 3 & 
aa 45 3 Ss 32 2 26 2 32 32 33 
Physical scientists ....... 466 34 27 2 2 4.6€C«“SwSltCtC HTC tC“CiC DD 
Mathematical scientists 53 38 30 2 2 19 24 27 32 32 
Computer scientists ...... 57 48 48 41 3 15 20 20 19 21 
Environmental scientists 45 % 37 32 W 462c6c68hkeHeGhUSCCOD 
Life scientists ........... 45 42 37 3S 3B 277 28 3 30 31 
Psychologists ........... 47 46 3 3B eo 28 0D DOD 33 
Social scientists ......... 40 3 31 2 2 30 MmlCUHEKUTC CC HCC 
Allengineers ............. 38 290«CioBBCa Ds 263864 «4 FF (41 
See appendix table 2-19 


Most of the increase in R&D has been focused on 
applied, rather than basic, research. In both science and 
engineering, doctoral employees report more work in ap- 
plied and relatively less work in basic research. (See ap- 
pendix table 2-20.) Moreover, since 1981, the number of 
academically employed doctoral scientists and engineers 
who report basic research as their primary activity has 
grown by 28 percent, compared with a 75-percent growth 
in reports of applied research. 

Only the mathematical and computer sciences go 
against these general trends, however. Inthe mathematical 
sciences, the increasing percentage of doctoral scientists 
reporting R&D clearly emphasizes basic over applied re- 
search (81 percent in 1981 to 89 percent in 1987, versus 16 
percent to 11 percent, respectively). In computer science, 
the recent high rates of growth in total employment in 
colleges and universities have left the percentage of total 
employment engaged primarily in either teaching or re- 
search virtually unchanged. Also, the percentages report- 
ing either basic or applied research as a primary activity 
both increased at the expense of those researchers who 

rted development work in earlier surveys. (See ap- 
pendix table 2-20.) 


Academic Rank and Age 


Engineering and most broad science fields have exper- 
ienced increases in senior faculty ranks since 1981." In 


“This and the next paragraph discuss only academic doctoral scientists 
and engineers who teach—te., “the professoriate” —as opposed to the 
total academic doctoral S/E employment discussed in the preceding 


paragraphs 


Science & Engineering indicators— 1989 


engineering, the percentage of the professoriate holding 
the rank of full professor has grown to 55 percent in 1987, 
an average annual rate of growth of 5 percent since 1981. 
(See appendix table 2-21.) Among the sciences, the physi- 
caland mathematical sciences stand out with high percent- 
ages of faculty who are full professors: 58 percent and 50 
percent, respectively. Concomitantly, the ranks of assis- 
tant professors have decreased in these fields; the use of 
instructors has decreased in all fields. 

As a relatively new discipline, computer science has 
retained an anomalous position in the face of these general 
trends.* Compared with all other broad fields, computer 
science has more faculty with lower rank—e.g., 38 percent 
associate professors and 29 percent assistant professors 
versus 28 percent and 19 percent, respectively, in all S/E 
fields combined. 

On average, academically employed doctoral engineers 
and scientists were older in 1987 than in 1977. (See text 
table 2-3.) In all fields, decreasing percentages were under 
40 years of age in 1987 than in 1977, and increasing propor- 
tions were over 50. In engineering, a recent upturn in the 
proportions under 30 may have ended in 1987. (See appen- 
dix table 2-19.) Finally, in all fields, the proportions of 
doctorates employed in colleges and universities who are 
over 60 years of age increased considerably since 1977, and 
more than doubled (for example) in engineering and coum- 
puter science.” 


“NSB (1987), p. 49 

“For a discussion of possible future taculty shortages, see Lozier and 
Doorts (1987). In El-Khawas (1988), campus administrators reported 
shortages of faculty in computer scence and an inability to fill vacancies 
in mathematics 
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Science and Engineering Workforce 


HIGHLIGHTS 


© Between 1980 and 1988, the number of those employed in 
science and engineering (S/E) jobs in private industry in- 
creased at a rate almost twice that for all workers. Concur- 
rently, the occupational and industrial mix of $/E em- 
ployment experienced major changes. (See p. 63.) 

© Approximately 2.0 million scientists and 2.6 million engi- 
neers were employed in the S/E workforce in 1988. Science 
employment nearly doubled since 1980, while employ- 
ment of engineers increased by almost 75 percent. (See 
p. 66.) 


© Almost one-fourth of all scientists and one-tenth of all en- 
gineers employed in the United States in 1988 were working 

in non-S/E activities. Within science fields, social scien- 
tists and computer were the most likely to 
report non-S/E employment, while mechanical and 


electrical / electronics were the most probable 
san aeaee tee 66.) 


© Women scientists and engineers represented about 13 percent 

of the S/E workforce in 1986, up from 11 percent in 1980. As 

a proportion of the total workforce, however, only about 

t of all women were working in S/E 

in 1986, compared to almost 6 percent of all em- 
ployed men. (See p. 67.) 


© Blacks -ontinued to be underrepresented in science and en- 
gineering in 1986, accounting for only 2.2 percent of the S/E 
workforce. In contrast, Asians almost 6 per- 
cent of those employed in science and engineering, 
while native American scientists and engineers repre- 
sented somewhat less than 1 percent of total S/E em- 
ployment. (See pp. 67-68.) 


© At the doctoral level, scientists outnumbered engineers by 
about five to one in 1987 (351,000 versus 68,000). Over the 


Over the next decade, several factors will combine to 
substantially affect the demand for and supply of scientists 
and engineers. On the demand side, two factors are worthy 
of consideration: 


(1) The need for workers stemming from economic 
growth, changing technology, and competitive chal- 
lenges; and 


(2) The need to replace workers who leave the science and 
engineering (S/E) workforce due to death, retire- 
ment, transfer to other occupations, and emigration. 


1981-87 period, totalemployment growth for both scien- 
tists and engineers averaged nearly 5 percent per year. 
(See p. 68.) 

© The job market was favorable for scientists and engineers in 
most S/E fields in 1986. Unemployment rates averaged 1.9 
percent for scientists and 1.2 percent for engineers, com- 
pared to 2 percent and 7.2 percent, respectively, for all 
professional and technical workers and the total work- 
force. (See p. 73.) 

© Over the 1988-2000 period, the number of jobs for scientists 
and engineers in private industry is to increase by 
over 600,000, with three-fifths of these new jobs to be located 
in the services-producing sector. The faster creation of S/E 
jobs in this sector continues the trend observed between 
1980 and 1988. Overall, the proportion of industry S/E 
jobs in the servi ing sector is to in- 
crease from 43 percent in 1986 to 46 percent by the year 
2000. (See p. 74.) 


© Between 1988 and 2000, the occupational composition of 


a ee production and 
assembly-line jobs toward professional, managerial, and tech- 
= Ae 4 Thus, while industry as a whole is 

pee ximately 9 percent more jobs 
se , employment opportunities for 
Sie sanaseanaend O oisin'r alten Uh enue. 
(See pp. 76-77.) 

© The United States led the United Kingdom in the number of 
scientists per 1,000 total labor force (12 versus 8 per 1,000) 
and was second to Japan in the number of engineers per 1,000 
labor force (18 versus 19 per 1,000) in the early 1980s. (See 
p- 82.) 


Of the two factors, the latter will translate into the larger 
demand. The increases needed in new S/E workers are 
expected to be at lower levels of growth than in the early 
and mid-1980s; however, employers will need larger num- 
bers of replacements for attrition from the overall growing 
S/E labor force. 

On the supply side exist concerns as to the impact on 
future levels of new S/E graduates of a declining college- 
age population. This diminishing population has already 
resulted in a falling rate of growth in S/E bachelor’s de- 
grees. Another factor affecting the future supply of new 


S/E graduates is a change in the ethnic and gender mix of 
the population. In the future, this population 
will have higher proportions of minorities and women (see 
figure 3-1)—groups that until now have had relatively low 
participation rates ‘n S/E education.' 

These and other diverse factors will together determine 
the future balance of the S/E labor market. This chapter 
closely examines past and projected growth of S/E jobs in 
the industrial sector, which forms the core of demand for 
S/E occupations (about two-thirds of total S/E employ- 
ment). Information on S/E supply is also ted. For 
the first time, this includes a numerical illustration and 
detailed analysis of S/E personnel flows into and out of 
the workforce. 

Finally, this chapter provides comparative data on inter- 
national science and engineering employment. 


INDUSTRIAL S/E JOB PATTERNS 


Between 1980 and 1988, the number of those employed 
in S/E jobs in private industry’ increased at a rate almost 
twice that for all workers. (See 0-8.) Concurrently, 
the occupational and industrial mix of S/E employment 


"NSF (1988a), p. 29. 

*The 1980-88 data on employed in private industry S/E jobs 
in this section are from the U.S. Bureau of Labor Statistics Occupational 
Employment Statistics surveys. These surveys are of establishments and 
reflect employers’ staffing patterns. 
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experienced major changes. For example, overall employ- 
ment in the services-producing industries—which 
benefitted from substantial economic growth—increased 
by 29 percent. The corresponding increase in S/E employ- 
ment in the sector was even greater: 57 percent. (See figure 
3-2.) This increase, however, has stemmed less from 
growth within the sector than from an increased share of 
declining total manufacturing jobs. 


Services-Producing Industries 

The services-producing industries are divided into four 
major divisions: 

©¢ Communications, utilities, and transportation; 

© Trade; 

© Financial services; and 

© Business and related services. 

Together, these industries provided jobs for approx- 
imately 446,000 engineers and 359,000 scientists in 1988, 
up from 306,000 and 207,000 (respectively) in 1980. 

Over the 1980-88 period, the concentration of total S/E 
jobs in the private sector gradually shifted from goods- 
producing industries to services-producing industries. In 
fact, the ion in the latter sector increased from 38 
percent in 1980 to an estimated 43 percent in 1988.* This 
increase can be attributed to (1) a faster rate of employment 
growth for S/E personnel in services-producing indus- 
tries, and (2) the sector’s overall economic and employ- 
ment growth. Total employment in services-producing 


°NSF (1988b), p. 2. 

Figure 3-2. 
increase in science, 
private industry, by sector: 


and total jobs in 
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industries grew at an average annual rate of 3.2 percent 
between 1980 and 1988; the number of S/E jobs increased 
on average by 5.8 percent. The proportion of the services- 
producing workforce in S/E positions rose during this 
time from 1.3 percent of total employment in 1980 to an 
estimated 1.6 percent in 1988. 

Business and Related Services. This was the largest 
and second fastest growing division of the services-pro- 
ducing sector over the 1980-88 . The major em- 
ployers of S/E workers in this division were involved in 
computer and data processing services, engineering and 
architectural services, and independent research and de- 


velopment (R&D). There were 310,000 engineering jobs 
and 183,000 scientist positions in this division in 1988, 


accounting for 70 percent and 51 percent, eee © of 


the services- sector's engineering and 
jobs in 1988. (See 3-3.) During the 1980-88 period, 
the number of j engineers increased at an average 


rate of 7.1 percent per year, slightly higher than the 5.3-per- 
cent annual rate for scientists. (See figure 3-4.) 


Several factors influenced the S/E job growth in busi- 
ness and related services. First, the revolution in informa- 
tion technologies and strong demand for informa- 
tion/data services created increasing = 
opportunities for S/E workers in computer and data pro- 
cessing services. Also, new methods of delivering informa- 
pat om services led to the development of major 

ts in this industry. For example, the exten- 


ao local area networks and electronic data inter- 
change networks dev mostly over tne past 5 years 
Financial Services. most rapid S/E job growth in 


the services-producing sector occurred in the financia 
services division (i.e., firms engaged in banking, cred 


See appendix table 3-1. 


Figure 3-4. 
Annual rates of growth for science, engineering, and 
total jobs in servicee-producing iniiustries: 1960-88 


See appendix table 3-1. Science & Engineering indicatore— 1969 


insurance, and real estate). Increasing use of technological 
advances and computerized services resulted in greater 
requirements for computer specialists and mathematical 
and social scientists. Between 1980 and 1988, jobs for these 
workers rose at an average annual rate of 11 percent; 
further, workers in these fields accounted for approx- 
imately 90 percent of this division’s 122,000 S/E jobs in 
1988. 

Factors Behind Growth in Service Industries. The re- 
cent growth of service industries and their S/E employ- 
ment is not simply due to a transfer of jobs to them by 
goods-producing industries as these latter contract out 
activities y performed in-house. Such transference 
is not a major factor, since both the numbers and share of 
total employment in technical occupations within the 
goods-producing sector are i ing. Also, accordi 
a recent study by the U.S. Bureau of Labor Statistics (BLS), 
the transfer of work formerly done in-house by manufac- 
turers accounted for—at best—only a small fraction of the 

in the services- ucing sector. 

Rather, the growth in industries serving producers has 
been primarily attributed sptnemanenin supply of new 
services.‘ The continued development of new services 
should keep demand growing for the outputs of these 
industries even as scientific and technical employment in 
the goods-producing industries that they service contin- 
ues its upward growth. 


Goods-Producing Industries 
The goods-producing industries fall into the major di- 


visions of: 


*Tschetter (1987). 


© Durable goods manufacturing, 
© Nondurable goods manufacturing, 
© Mining, and 
© Construction. 
Together, these divisions jobs for 830,000 en- 
i and 225,000 scientists in 1988, compared to 686,000 
and 167 ively—in 1980. 


industries expanded at an 
year between 1980 and 1988. 


over this period: a small increase in total 
in construction was offset by declines in the min- 


a ae Sale SSeS 
the manufacturing divisions was maintained for 


and 51 of 
its science jobs, were in this division. (See .) Major 
S/E employers within this division in 1 


Figure 3-5. 
Annual rates of gre-sth for science, and 
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See appendix table 3-1. 


Figure 3-6. 
Distribution of science and 
goode-producing industries: 
(Percent) 
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See appendix table 3-1. Science & Engineering indicatore— 1989 

© Aerospace industries (manufacturers of aircraft and 
parts, space vehicles, and guided missiles) with 24 
percent of the division’s S/E jobs; 


© Makers of communication equipment, 15 percent; 

© Office and computing equipment manufacturers, 12 
percent; and 

© Electronic components industries, 12 percent. 


Occupations 
While industry as a whole was providing increasingly 
greater employment opportunities in almost all S/E occu- 
pational ca ies between 1980 and 1988, services-pro- 
ducing industries remained the pri source of employ- 
ment for most scientists (most notably computer 
ialists and social scientists), while engineers contin- 
ued to find more job opportunities in the goods-producing 
sector. The proportion of scientists employed in services- 
ing industries rose in every major category be- 
tween 1980 and 1988. The share of most engineering sub- 
fields in the goods-producing sector increased a small 
amount over the period. The goods-producing and ser- 
vices-producing sectors showed similar occupational pat- 
terns of S/E employment in 1988. 


UTILIZATION OF S/E PERSONNEL 


Employment Levels and Demographic Trends 


In 1988, approximately 5.9 million persons in the United 
States were—by virtue of their education and work ex- 
perience—considered scientists (2.8 million) or engineers 


(3.1 million).> Only 72 percent of these scientists (2.0 mil- 
lion) and 85 percent of these engineers (2.6 million) were 
in the S/E workforce, however. The remaining scientists 
and engineers were either employed in non-S/E jobs, un- 
employed and seeking employment, or outside the labor 
force 


Scientists and engineers employed in non-S/E jobs are 
not necessarily underutilized, however, since their S/E 
ining and education may be prerequisites for—or pro- 
vide valuable inputs to—their work. Of those scientists 


‘Broadly speaking, a person is considered a scientist or engineer if he 
or she meets at least two of the following criteria: 
¢ Hasearned a degree in science (including social science) or engineer- 
ing, 
¢ Has been employed in an S/E occupation, and/or 
© Has professionally identified himself or herself as a scientist or 
engineer on the basis of total education and work experience. 


Figure 3-7. 
Employment status of scientists and engineers, by field: 1968 


who reported non-S/E employment in 1988, almost one- 
third (208,000) were social scientists, and approximately 
one-fourth (158,000) were computer specialists. (See figure 
3-7.) Among engineers employed in non-S/E activities at 
that time, one-fifth (51,000) were mechanical engineers 
and another 17 percent were electrical/electronics engi- 
neers. 

Overall S/E Employment Growth and Concentration.° 
Employment growth of scientists in the S/E workforce 
varied from that of engineers during the 1980-88 period. 
Science employment nearly doubled during this time; em- 
ployment of engineers increased by almost 75 percent. (See 


*S/E employment includes only those scientists and engineers em- 
ployed in science and engineering jobs, unless otherwise indicated. Tech- 
nician and other occupational groups that may be engaged in S/E-type 
work are not included. 
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figure O-9 in Overview.) Overall, the S/E workforce grew 
by 7.8 percent per year during this period. In comparison, 
total U.S. employment increased by only 1.8 percent per 
year.’ Consequently, the proportion of the typ 
employed in science and from 2.6 
cent in 1980 to 4.1 percent in 1988. (See figure 3-8. In 
addition, real gross national product (GNP)—an indicator 
of overall economic activity—increased at an annual rate 
of only a oe over the period.* 

Almost half of both scientists and engineers in the S/E 
workforce were concentrated in either of two fields in 
1988. Among scientists, 4 a were employed as ei- 
ther computer specialists or tists; for engineers, 46 
percent were either electrical/electronics or mechanical 

ineers. 

Employment of Women and Minorities. Approxi- 
mately 13 percent of the S/E workforce were women in 
1986, up from 11 t in 1980. As a of the 


total workforce, however, only about 1 percent of all 


~ ?Council of Economic Advisers (1989), p. 347. 
"Ibid. p. 310. 
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Science & Engineering indicatore-— 1969 


employed women were working in S/E jobs in 1986, com- 
pared to almost 6 percent of all employed men.’ Women 
accounted for a much larger share of employment in the 
science workforce than in engineering. While almost 26 
percent of scientists in the S/E workforce were women in 
1986, only 4 percent of engineers were female. (See figure 
O-10 in Overview.) Among scientists, women represented 
42 percent of all psychologists in 1986, but only about 13 
percent of the mer and environmental scientists. In 
engineering, women accounted for between 3 percent of 
both mechanical and electrical /electronics engineers and 
almost 8 percent of chemical engineers. 

Blacks accounted for only 2.2 percent of those employed 
in S/E jobs in 1986. (See figure 3-9.) In the general work- 
force, they ted ~ t of total U.S. employ- 
ment and almost 7 those employed in the profes- 
sional and reiated + wg” In contrast, Asians 
represented less than 2 percent of the U.S. labor force and 
only 3 percent of those in professional fields,'' but almost 


°U S. BLS (1987b), p. 8. 
"US. BLS (1987a), p. 179. 
"U.S. Bureau of the Census (1983) 
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6 perceni of all scientists and engineers. Native American 
scientists and engineers represented somewhat less than 1 
percent of total S/E employment; this was roughly similar 
to their participation in the overall U.S. labor 20 
Approxisnately 2.1 percent of the scientists and engi- 
neers in the S/E workforce in 1986 were Hispanic." 
Sac diadn ay enan Sikouioal al tease ts ouioatonat 


panic origin, as were 3.3 percent of 
and related occupations.' 


Doctoral Scientists and Engineers 


Employment of those holding science and engineering 
doctorates reached 419,000 in 1987, an increase of 22 per- 
cent since 1981."° The employment growth of S/E doc- 


"Tid. 

“Data for native Americans should be viewed with caution, however, 
since the estimates for both scientists and engineers and for the overall 
US. labor force are based on an individual's own classification as to his 
or her native American heritage; such perceptions may change over time. 


present 
"U.S. BLS (1987a), p. 1 
"This 419,000 includes 40,500 S/E doctorate- holders employed in non- 
S/E jobs. Detailed data comparable to that for all scientists and engineers 
employed in S/E jobs are not available. 


torate-holders between 1981 and 1987 slowed from that of 
prior years, increasing by 3.3 percent per year versus 4.8 
percent per year between 1977 and 1981. 

Because scientists are more highly concentrated than 
engineers in academia, where higher levels of education 
are required for professional status, there is a higher pro- 
portion of science doctorate-holders. In fact, scientists at 
the doctoral level outnumbered engineers by about five to 
one in 1987 (351,000 versus 68,000); “this ratio was virtually 
unchanged during the 1980s. 

In 1987, doctoral women and men scientists and en- 
gineers were employed in different fields. A higher pro- 
portion of Ph.D. women (97 percent) than men (81 percent) 
were scientists; over four-fifths of these women were in 
either the life sciences, psychology, or the social sciences. 
(See figure 3-10.) Ph.D. men, incontrast, were concentrated 
in either the life or physical sciences. Within engineering, 
women doctorate-holders were more likely to be con- 
centrated in either electrical/electronics or materials en- 
gineering; men were most likely to be employed in electri- 
cal/electronics engineering. 

Blacks constituted only about 1.5 percent (6,400) of all 
employed doctoral scientists and engineers in 1987: this 
was a slight (1.3 percent) increase over 1981. The almost 
37,000 employed Asians in i987 represented about 9 per- 
cent of the total, up slightly 1 _m 8 percent in 1981. (See 
figure 3-11.) 

Hispanic Ph.D. scientists and engineers represented 1.6 
percent of all doctoral scientists and engineers in 1987, up 
from 1.4 percent in 1981. Among doctorate-holders, His- 
panics were slightly more likely than all Ph.D.s to be 
scientists rather than engineers. 
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See appendix table 3-6. Science & Engineering indicators— 1989 
SUPPLY AND DEMAND FOR S/E 


PERSONNEL—LABOR MARKET INDICATORS 


The demographic employment trends discussed above 
indicate that women and ethnic minorities have been 
steadily increasing their representation within a rapidly 

ing science and engineering workforce. These trends, 
, do not indicate whether the S/E workforce has 
expanded sufficiently to keep with the needs of the 
economy. To help assess S/E labor market balance, and 
the extent to which the S/E workforce is utilizing women 
and minorities, several labor market indicators can be 
used. General measures of S/E supply and demand con- 
ditions include: 


® Labor force participation rates, 

© Unemployment rates, 

© S/E employment rates, 

© Experience of recent S/E graduates, 

* Recent hiring experiences of S/E employers, and 
* Trends in S/E recruitment. 


While no single statistic can provide a firm basis for 
measuring shortages or surpluses of scientists and en- 
gineers, some statistics—when analyzed together—allow 
for meaningful inferences about the condition of the S/E 
labor market. 


Labor Force Participation Rates 


The S/E labor force includes scientists and engineers 
who are employed—either in or out of science and en- 
gineering—and those who are unemployed but seeking 
employment. The labor force is a measure of those who are 
economically active and thus directly available to pes out 


national efforts in science arii wpe Labor force 
participation rates measure the ixaction of the S/E popula- 
tion in the labor force. Low rates would suggest that many 
of those with S/E training and skills are not using these 
skills in S/E or other jobs. 

In 1986, approximately 95 percent of the S/E population 
was in the labor force, with scientists and engineers equal- 
ly likely to be working or seeking employment. This rate 
is higher than the 82-percent rate for the general popula- 
tion with 4 or more years of college."’ 

The difference in participation rates cannot be ac- 
counted for by differences in the gender composition of 
the S/E versus the tion. Stratification by 
gender shows that the participation rate for women in 
science and engineering was about equal to that for men 
(94 percent versus 95 percent), with little variation among 
S/E fields. In comparison, women and men in the general 
population who had completed 4 or more years of college 
had participation rates of 74 percent and 88 percent, re- 
spectively. Over the 1980-86 period, participation rates 
increased for women scientists and engineers, rising from 
90 percent in 1980; rates remained stable for men. 

Black scientists and engineers a labor force 

icipation rate of 97 t in 1986. This was slightly 
than the 96-percent rates for both Asians and native 
Americans; for whites, the rate was 94 percent. The S/E 
SS rate for blacks was much higher than that for 
lacks in the overall population (63 percent) or for black 
college graduates (87 percent). Since 1980, the labor force 
participation rate for black scientists and engineers has 
remained relatively stable; for Asians, the rate has declined 
from 98 percent in 1980. 


Unemployment Rates 


A standard measure of labor market conditions is the 
unemp - rate, which measures the proportion of 
those in the workforce who are not employed but seeking 
work. In the 1980s, scientists and engineers have been 
maintaining their labor market position, although they 
have been ou by both the general labor force 
and all professional and related workers. In 1980, the 
unemployment rates for scientists and engineers were 1.6 


"U.S. BLS (1987¢). 


percent and 1.0 percent, respectively, compared to 2.5 
percent for all professional and technical workers and 7.1 


percent for the entire U.S. workforce. In 1986, the rate for 
all professional and technical workers had fallen to 2.0 
percent and the rate for the total workforce rose to 7.2 
percent.'® S/E ory marae increased slightly faster, 
rising to 1.9 percent for scientists and 1.2 percent for en- 
gineers in 1986. 

Comparisons by gender show that the unemployment 
rate for women scientists and engineers was more than 


U.S. BLS (1987a), p. 168. 


Figure 3-12. 


twice that for men in 1986: 2.7 percent versus 1.3 percent. 
(See figure 3-12.) The rate for S/E women was substantial- 
ly lower than that for all women in the United States (7.1 
percent), but similar to that for women in professional 
occupations (2.3 percent) and women college graduates 
(2.4 percent). Since 1980, unemployment rates for both 
women and men scientists and engineers have increased 
from 1.5 percent and 1.0 percent, respectively. 

The unemployment rate for black scientists and en- 
gineers in 1986 averaged 3.8 percent; this rate was more 
than twice that for white scientists and engineers (1.5 
percent) and Asians (1.8 percent), and more than three 


Unemployment rates of scientisis and engineers, by field and gender: 1966 
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See appendix table 3-7. 
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times higher than the rate for native Americans (1.2 per- 
cent). 


S/E Employment Rates 


The S/E employment rate measures the extent to which 
employed scientists or engineers have an S/E job. Reasons 
for non-S/E employment include lack of available S/E 
jobs, higher pay for non-S/E employment, location, or 
preference for a job outside of science and engineering. 

Ix: 1986, the S/E employment rate was 85 percent (down 
from 89 percent in 1980); the rate for engineers (92 percent) 
was substantially above that for scientists (77 percent). (See 


Figure 3-13. 


figure 3-13.) Within science fields, the rates ranged from 61 
percent in the social sciences and 78 percent in the com- 
puter specialties to 87 percent in the environmental and 
physical sciences. 

Rates by Gender. Women scientists and engineers are 
less likely than men to work in science- or engineering-re- 
lated activities. In 1986, the S/E employment rate for wom- 
en was 75 percent; that for men was 80 percent. These rates 
have declined steadily for both women and men through- 
out the eighties: in 1980, the rates were 87 percent and 89 
percent, respectively. The somewhat larger decline for 
women partially reflects their high concentrations in psy- 
chology and social science—fields in which $/E employ- 


Science and engineering employment rates, by field and gender: 1986 
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ment rates have fallen dramatically during the eighties for 
bo*h women and men. More than one-third of women, 
compared with about one-tenth of men, were in one of 
these fields in 1986. 

S/E employmeni rates for men and women vary by 
field, with the ».id est fluctuations occurring in the scien- 
ces. In 1986, the S/E employment rate for women scientists 
was 72 percent, compared with 78 percent for men. In 
engineering, however, the rate for women (94 percent) was 
above that for men. 

Rates by Race. The S/E employment rate for black 
scientists and engineers was 77 percent in 1986, compared 
to 85 percent for whites and 88 percent for Asians. The 
higher rate for Asians in 1986 reflects the relatively large 
proportion of Asians who are engineers rather than scien- 
tists. On average, the S/E employment rate for Asian 
engineers was 95 percent in 1986, compared to 92 percent 
for whites and 90 percent for blacks. The S/E employment 
rate for black scientists was below that for whites and 
Asians across most major fields of science except mathe- 
matics: here the rate for blacks (90 percent) was above that 
for both whites (79 percent) and Asians (70 percent). 


Experience of Recent S/E Graduates 


The ae of recent S/E graduates is another in- 
dicator of the degree of market balance. In general, if the 
demand for scientists and engineers is greater than the 
supply at existing salary levels, the proportions of recent 
graduates who obtain jobs in science or engineering will 
be relatively high. Those proportions, however, vary con- 
siderably by field. This section presents data from a 1986 
national survey of 1984 and 1985 bachelor’s and master’s 
degree recipients. 

Unemployment Rates. In 1986, relatively few recent 
S/E graduates were unabie to find employment; only 3.7 
percent of the graduates with bachelor’s degrees in sci- 
ence, and 2.4 percent of those with engineering degrees, 
reported that they were unemployed. For master’s degree 
recipients, the rates were 2.6 percent for those with degrees 
in science and 1.2 percent for recipients of engineering 
degrees. 

Unemployment rates were similar for men and women 
at the baccalaureate level; some differences began to arise 
at the master’s degree level, however. For those who re- 
ceived their degrees in 1984 or 1985, unemployment rates 
for recent S/E bachelor’s recipients were 3.4 percent (men) 
and 3.7 percent (women) in 1986. At this level, unemploy- 
ment rates for women were below those for men in math- 
ematics, the environmental sciences, psychology, and al- 
most all engineering subfields. At the S/E master’s degree 
level, the rate for women (3.2 percent) was almost twice 
that for men (1.7 percent). With little exception, women’s 
unemployment rates were higher than men’s across all 
fields. 

S/E Employment Rates. S/E employment rates for re- 
cent S/E graduates with master’s degiees were similar to 
those for more experienced scientists and engineers, while 
the rates for bachelor’s degree recipients were lower.'” The 


"NSF (1987), p. 89. 
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greater opportunities for employment in science and, to a 
lesser extent, engineering jobs for master’s degree-holders 
may reflect the higher levels of investment in field-specific 
training; fewer S/E job openings at the bachelor’s level 
may indicate entry-level job requirements for advanced 
d 


For both master’s and bachelor’s degree recipients, S/E 
employment rates varied between scientists and engi- 
neers. (See figure 3-14.) At the master’s level, 79 percent of 
science graduates were working in S/E occupations, com- 
pared with 95 percent of engineering graduates. For most 
science fields, almost 90 percent of those with master’s 
degrees were employed in S/E occupations; the life (81 
percent) and social sciences (56 percent) were the excep- 
tions. Although rates were lower for bachelor’s degree 
recipients, the same general pattern prevailed. The aver- 
age rate for engineers (89 percent) was substantially higher 
than that for scientists (53 percent); the lowest rate was 
recorded by social scientists (31 percent). 

TheS/Eemployment rates for men generally were high- 
er than those for women at both the bachelor’s and mas- 
ter’s degree levels. The specific field concentrations of each 
gender contributed to some of the difference in these rates. 
For example, the low S/E employment rate in the social 
and behavioral sciences, coupled with the concentration of 
women in these fields, effectively lowered the average S/E 
employment rate for women. On the other hand, the high 
S/E employment rate in engineering—in which men were 
predominant—had the effect of raising men’s average rate. 


Social 


Total engineering 
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See appendix table 3-10. Science & Engineering Indicators— 1989 


Mobility. Substantial field mobility can be identified 
at entry to the labor market, a characteristic resulting from 
supply /demand adjustments and flexibility of S/E per- 
sonnel. In 1986, for example, 30 percent of the recent 
bachelor’s and 23 percent of recent master’s graduates 
working as computer specialists did not receive their de- 
grees in the computer science. (See figure 3-15.) Rather, 
graduates in mathematics, engineering, and the social sci- 
ences—responding to the job opportunities in computer 
specialties—accounted for the majority of influx from oth- 


Employer Shortages of S/E Personnel 


Another direct indicator of S/E supply and demauii 
imbalances in the S/E labor market is the reported ex- 
perience of employers in meeting their staffing require- 
ments. An NSF survey of the industrial S/E labor market, 
conducted in January 1989, found that nearly 46 percent of 
the establishments in major S/E-employing industries re- 
port a shortage in at least one field of science or engineer- 
ing. While many establishments shortages, such 
positions were distributed across a variety of S/E fields 
and were not concentrated in a single discipline. 

Science and engineering fields with the highest reported 
levels of shortages were: 


3-15. 
pions fleld of 19864 and 1985 S/E graduates 
working as computer specialists in 1986 
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© Electronics engineering—22 percent of employers re- 
porting, 
© Chemistry—21 percent; 


© Electrical engineering, computer engineering, and 
computer science—20 percent each; and 


© Chemical engineering—18 percent. 


Across all fields, 80 percent of the employers of scien- 
tists, and 75 percent of the employers of engineers, re- 
ported plans to hire experienced personnel rather than 
new college graduates, indicating that the supply of new 
graduates is less of a problem. 

The equilibrium between S/E supply and demand im- 
proved since the beginning of the 1980s, when at least 
one-half of the employers of most engineering and com- 
puter specialties subfields reported shortages.” 

Engineering schools in the U.S. have reported what may 
be considered serious and persistent shortages of faculty. 
In 1986, almost 9 percent of authorized full-time engineer- 
ing faculty positions were unfilled. Furthermore, many 
institutions reported that the authorized levels would be 
higher if it were possible to fill such positions.”' Shortages 
of engineering faculty are grounded in the long-term de- 
cline in engineering doctorates awarded to U.S. citizens,” 
and the increasing demand for engineering Ph.D.-holders 
in the industrial sector. 


High Technology Recruitment Index 


The Deutsch, Shea, and Evans High Technology Re- 
cruitment Index (HTRI) is another indicator of S/E labor 
market conditions. The HTRI measures the amount of 
advertising space in national newspapers devoted to re- 
cruiting scientists and engineers. Starting in 1975, the in- 
dex measured 69. By 1979, the index had risen to 145, 
reflecting the surge in S/E recruitment that occurred to- 
ward the end of that decade. Following the recession in the 
early eighties, the HTRI dropped to 102 in 1983, before 
recovering strongly to 134 in 1984. 

In the last 5 years, the HTRI has gradually declined, 
registering 103 in the second quarter of 1989—the lowest 
level of activity since 1983. (See figure 3-16 and appendix 
table 3-11.) 


Summary 


The employment indicators discussed above suggest 
that the labor market situation for scientists and engineers 
has been favorable since the mid-1980s. For example, it can 
be inferred from the relatively high participation rates and 
low unemployment rates that, in 1986, there was generally 
sufficient demand to accommodate the S/E labor force 


2°NISF (1982), p. 1. 
?INSF (forthcoming). 
22NISF (1988c), p. 30. 
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(including recent S/E graduates). In addition, the mod- 
erate levels of shortages reported by employers in 1988 and 
the declining S/E HTRI would indicate that—with the 
exception of engineering Ph.D.s—the S/E labor force has, 
in general, been nearly sufficient to meet the economy’s 
current needs. Finally, the data indicate that women and 
blacks are generally better utilized (relative to men and 
whites) in engineering than in the sciences. 

On the other hand, however, the balance between sup- 
ply and demand for S/E personnel has been accomplished 
through means other than new S/E graduates with fully 
appropriate training in their occupational field. Substan- 
tial occupational mobility” and increasing reliance on for- 
eign-origin personnel (native-born U.S. citizens declined 
from 90 percent of the S/E labor force in 1972 to 83 percent 
in 1982)** have been largely responsible for the supply /de- 
mand equilibrium in the science and engineering labor 
market. 


PROJECTED S/E DEMAND IN INDUSTRY 


Over the 1988-2000 period, U.S. private industry is ex- 
pected to create more than 600,000 additional jobs for 
scientists and engineers.” S/E employment is projected to 


*Dauffenbach and Finn (1984). 

“NSF (1986), p. 39. 

e projections of private industry’s requirements for scientists and 
engineers used here were generated by NSF utilizing a modeling system 
developed by Data Resources (DRI), a private firm specializing in eco- 
nomic forecasting. NSF specified three projection scenarios—a ‘‘low,”’ a 
“high,” and a “‘mid’’—using alternative sets of economic assumptions 
designed to encompass likely private sector performance during the 
simulation period of 1988-2000. (See appendix table 3-1a.) Based on these 
assumptions, the DRI model generated estimates of projected total em- 
ployment by industry. The occupational structure applied to the total 
employment projections was developed by BLS. 

The scenarios are not predictions; consequently, departures from the 
assumptions on which the scenarios are based may alter future outcomes 
significantly. Three estimates of future requirements were prepared—a 
low, a high, and a mid trend; analysis here focuses on the mid trend. 
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increase by over 33 percent, nearly four times that of the 
overall industrial labor force. (See figure 3-17.) Despite the 
substantial growth, the projected gains in S/E require- 
ments should not matca past increases, due to the overall 
slowdown expected in the 1990s of growth in the labor 
force, total employment, and GNP. 


Services-Producing Industries 


The 2.5 million S/E jobs in the year 2000 are expected to 
be somewhat more concentrated in services-producing 
industries than were the 1.9 million S/E jobs in 1988, 
because almost three-fifths of the increase in S/E jobs is 
projected to be in this sector. The faster creation of S/E jobs 
in the services-producing sector should continue the trend 
observed since 1980. At the projected rates of growth, the 
proportion of science jobs in the services-producing in- 
dustries would increase from 62 percent in 1988 to almost 
68 percent by 2000; the percentage of engineering jobs 
would go from 35 percent to 36 percent during this period. 
(See figure 3-18.) 

Total job growth is expected to be very strong for almost 
all of the services-producing industries through the year 
2000. By that time, services-producing employment 
should constitute about 70 percent of all private industry 
jobs. Almost 7 million r~w jobs are projected to be added 
to the sector between 1988 and 2000. 
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in private industry, by sector: 1980, 1988 and 
projected 2000 
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Jobs for scientists and engineers are expected to grow 
even faster than total sector employment due to an increas- 
ing share of that employment. Overall, employment in 
services-producing industries is projected to be about 13 
percent higher in 2000 than in 1988; S/E employment is 
expected to increase by almost 44 percent. The proportion 
of the services-producing workforce in S/E jobs is pro- 
jected to increase during this time from 1.6 percent in 1988 
to 2.0 percent by 2000, providing jobs for approximately 
550,000 scientists and 600,000 engineers. 

Business and Related Services. This division will be 
the sector’s major provider of new S/E jobs through the 
year 2000. About two-thirds of the new science positions 
and three-fourths of the new engineering jobs expected to 
be created in the services-producing sector will be gener- 
ated in this division. (See figure 3-19.) The number of S/E 
positions in business and related services industries is 
expected to rise by almost 65 percent to about 740,000— 
this represents 64 percent of the sector’s S/E jobs in 2000. 

Growth in this division will derive from the need for 
systems design and analysis and software development. 
This need is expected to continue to be very strong, reflect- 
ing the increasing demand for specialized systems by busi- 
ness and government, as well as the proliferation of pack- 
aged software for a wide variety of users. BLS projects that 
heavy investment in computer-assisted design and man- 


Figure 3-19. 
Distribution of new S/E jobs to be created 
in services-producing industries: 1988-2000 
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ufacturing techniques will lead to a continuing increase in 
the demand for computer specialists.°° In addition, the 
development of new services should keep demand for 
independent research laboratories and management and 
other consulting firms very strong. 

The engineering and architectural services industry— 
the largest employer of engineers in the private sector—is 
expected to turn around from current declines brought on 
by low demand in recent years for its services by a prin- 
cipal customer, the nonresidential construction industry. 
The latter is projected to recover from the recent oversup- 
ply of office and commercial space, and will resume mod- 
est growth. Consequently, S/E job opportunities in en- 
gineering and architectural services will increase. 

Financial Services. S/E jobs in this division should 
continue to grow faster than in most other industries. As 
the growth in demand for financial services proceeds un- 
abated, S/E jobs are expected to increase from 122,000 in 
1988 to almost 168,000 in the year 2000, reflecting greatly 
increasing use of computerized services and technological 
advances. 


For an analysis of long-range economic trends and their projected 
impact on employment, see Personick (1987) 


Goods-Producing Industries 


The goods-producing industries are projected to pro- 
vide almost 1.1 million jobs for engineers and 270,000 jobs 
for scientists by 2000. Like the trend observed between 
1980 and 1988, there will be little if any growth in total 
employment in the goods-producing sector: declines in 
mining and nondurable goods manufacturing will offset 
small growth in construction and durable goods manufac- 
turing. Output growth in most manufacturing industries 
is expected to continue at near current rates without a 
coincident growth—and even (for some industries) with 
declines in—total employment. The forces behind this 
output growth are: 


© Investment, leading to higher productivity of the 
manufacturing workforce; and 


¢ The growing quality of the services purchased from 
the services-producing sector.” 


Most of the increase in U.S. manufacturing S/E person- 
nel should be in durable goods. (See figure 3-20.) While 
employment in non-S/E occupations in this division is 
projected to decline slightly over the 12-year period, S/E 
jobs are expected to rise by 256,000, or 32 percent. (See 
figure 3-21.) Nondurable goods industries are projected to 


*Hirschhorn (1987), p. 9. 


Figure 3-20. 
Distribution of new S/E jobs to be created in goods- 
producing industries: 1988-2000 
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Figure 3-21. 
Projected change in number of S/E and non-S/E jobs in 
goods-producing industries: 1988-2000 


lose a substantial number of non-S/E jobs, even as growth 
in output continues at or higher than current rates. Due to 
occupational restructuring, however, S/E employment in 
these industries should increase by about 17 percent. 


Occupations 


During the 1988-2000 period, the occupational composi- 
tion of industry jobs is expected to change, shifting away 
from production and assembly-line jobs toward profes- 
sional, managerial, and technical occupations. Thus, while 
industry as a whole is expected to provide approximately 
9 percent more jobs between 1988 and 2000, employment 
opportunities for S/E jobs are projected to increase by 
about 34 percent. The disproportionate rise in S/E jobs will 
result from general requirements for a higher proportion 
of workers with more education than in the past, and 
because the need to remain competitive will require an 
increasing number of S/E workers to update product de- 
signs, explore more cost-effective technology for produc- 
ing goods, and develop new products.” 

The S/E occupation benefitting most from these trends 
has been, and should continue to be, that of computer 


*For an excellent discussion of the economic factors affecting occupa- 
tional pattern changes, see Silvestri and Lukasiewicz (1987). Also see 
Personick (1987). 


specialist. This occupation is to have the largest 
employment gain (197,000 jobs) and the fastest growth (62 
percent) of any S/E occupation. (See figure 3-22.) About 
half of the t gain for computer specialists is 
projected to occur in the business services division, pri- 
marily in computer and data processing services. The 
remaining increase should be spread throughout industry, 
as computers continue to be used more intensively by 
more industrial employers. New business and defense 
Sareea a meeaaay aw 
ces of computer specialists. 
"electrical/l 


projected to have the next biggest absolute employment 
gain, up by 162,000 jobs or by nearly 40 percent. This 
increase is expected to be divided almost equally between 
the goods- and services-producing sectors, with increases 


of 84,000 and 78,000, respectively. These engineering jobs 


should be primarily in the manufacturing industries pro- 
ducing communications equipment, computers, and other 
electronics equipment, and in the engineering and ar- 
chitectural firms servicing these industries. 


S/E SUPPLY OUTLOOK 


Stock and Flow of the S/E Labor Market 


The flows of scientists and into and out of the 
S/E workforce are highly complex due to the many forces 
affecting them. Additionally, there is a lack of concurrent 
and comparable data on all of the segments comprising 
new supply to and attrition from S/E employment. To 
approximate the magnitudes of S/E flows and their rela- 
tive contributions to the overall stock of scientists and 
engineers, data from several different sources and time 
periods have been used and certain judgments exercised. 
No attempt is made here to infer current or future sup- 
ply /demand relationships from these data, but rather to 
i'lustrate the relative magnitudes of these flows—insofar 
a:: possible—from the historic data available. 

These flows are highly sensitive to such factors as: 


¢ S/E supply/demand conditions, including economic 
growth; 
© Defense and R&D spending; 


© The population demographics, interest, and capabil- 
ities affecting the number of new entrants and attri- 
tion from the stock; 


© Legislation and policy affecting the entry of foreign 
students and immigrants; and 


® Policies and laws regulating retirement ages, etc. 


The data in figure 3-23 are illustrative of the relative 
importance and magnitudes of the stock and the various 
flows. For this analysis, the most recent available estimates 
of the various stocks and rates of inflows and outflows are 
used to approximate the dynamics of change in the overall 
stock of natural scientists, engineers, and computer spe- 
cialists (NS,E&CS) between 1985 and 1986.” 

The stock of employed natural scientists, engineers, and 
computer specialists in 1986 reflected: 


© Those who remained in NS,E&CS employment from 
the previous year—about 92 percent of the 1985 total; 


*Comparable estimates for social and behavioral scientists are shown 
on appendix table 3-12. Unpublished tabulations by BLS from the 1985 
and 1986 Current Population Surveys and the 1986 Occupational Em- 
ployment Statistics survey were used to develop estimates of the stock of 
persons employed in S/E occupations. For more information on these 
surveys, see U.S. BLS (1982). Elsewhere in this chapter, 1986 data are 
presented on the characteristics of persons who are classified as scientists 
or engineers based on their education and experience. These data are not 
strictly comparable with the information in this section, which describes 
S/E occupational patterns. 


a in NS,E&CS stock and flow: 1985-36 
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Unempioyment ~.. toreg” i ae i sn an a a a . 
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© Outflows of workers who left NS,E&CS employment, 
i.e., those who left the labor force, switched occupa- 
tions to non-NS,E&CS , became unem- 
ployed, died, or emigrated—about 8 percent of the 
1985 total; and 


© Inflows from who re-entered NS,E&CS work, 
and skilled workers who upgraded to or ob- 
tained NS,E&CS positions, and foreign scientists and 
engineers. 


Between 1985 and 1986, it is esiimated that about two- 
thirds of such inflows were required to replace workers 
who left NS,E&CS employment; the remaining one-third 
covered the growth in NS,E&CS jobs that stemmed from 
economic expansion, increased military expenditures, 
, additional R&D, et al. 

. The total es- 
uring 1985 from the employed NS,E&CS 
workforce was about 8 percent of those employed as nat- 
ural scientists, engineers, and computer specialists at the 
of the year. The remaining 92 percent of the 
NS,E&CS workers stayed in NS,E&CS work and com- 
prised the bulk of the NS,E&CS workforce the following 


year. 

Of the 8 percent of the workers who left NS,E&CS 
employment, the largest outflow—over two-fifths—was 
of persons changing to non-NS,E&CS occupations, fol- 
lowed by exiting the labor force (e.g., retirees, 
those to school, those choosing to stay at home 
to rear children, etc.)—about one-third. The remainder of 
the outflow included aliens i admitted to the 
US. and naturalized citizens who ted, those who 
became unemployed, and those who died.” Each of these 


groups (except the last) represents a possible source of 
re-entrants to the NS,E&CS workforce. 


“Attrition out of the labor force (except for death and emigration) was 
calculated by occupation-specific separation rates for the 1983- 
84 period. See U (1986), table C-1. Annual transfer rates to non- 
NS,E&CS occupations were estimated from survey data of 
scientists and engineers in the 1980 population by their occupational 
status in 1982 and 1984 from tabulations of i NSF data pre- 
pared by Dr. Robert Dauffenbach, Oklahoma State University. The trans- 
fer rates do not include persons who transferred to manager /admin- 
istrator jobs if these were related to the management or administration ot 
NS,E&CS activities. The transfer rates also do not to transfers 

NS,E&CS fields, but only out of the total NS, workforce. 
Annual death rates by sex and age are from estimates for the population 
by the Bureau of the Census for the 1985-90 period applied to NSF 
distributions of scientists and engineers by age and sex. The “Low 
Mortality Assumption” table was used to account for differences in racial 
mix and type of employment between the general population and 
NS,E&CS workers. See U.S. Bureau of the Census (1984), table B-1A. 
Unemployment does not include the stock of unemployed in 1985, but only 
the net change in unemployment from 1985 to 1986. Unemployment rates 
are from unpublished BLS occupation-specific data. See U.S. BLS (1986). 


Emigration rates were estimated separately for naturalized US. citizens 
and aliens. The rates are derived from estimates of average emigration 
for the 1981-85 period. See Finn and Clark (1988). The estimates for 
emigration assume that there is no ne( emigration of natural-born citi- 
zens. The data on alien S/E admissions are from the US. Immigration and 
Naturalization Service. 


Inflows to NS,E&CS Employment. Entrants are need- 
ed to fill the new NS,E&CS jobs created by economic 
growth and the increasing demand for NS,E&CS person- 
nel. In addition, replacements must be found for people 
who leave the workforce. About 260,000 of those em- 
ployed as natural scientists, engi , and computer spe- 
cialists left the NS,E&CS workforce between 1985 and 
1986. Analysis of the 1986 stock shows that, besides the 

ts needed for this outflow, an additional 
140,000 people were hired to fill the approximately 5-per- 
cent increase in total NS,E&CS jobs created between 1985 
and 1986. The total estimated NS,E&CS inflows of 400,000 
are equivalent to about 12 percent of the 1986 NS,E&CS 
stock of 3.3 million. 

New US. citizen NS,E&CS uates were the largest 
compc: ent of the total inflow to the 1986 stock, approx- 
imately 45 percent.’ The second largest portion of the 
inflow, 38 percent, consisted of re-entrants to the NS,E&CS 
workforce of scientists and engineers who were doing 
non-NS,E&CS work or who were temporarily out of the 
labor force.” The recent foreign graduates of U.S. colleges 
and universities and direct immigration of experi 
foreign NS,E&CS together accounted for about 10 percent 
of the inflow." About 5 percent of the inflow were es- 
timated to be persons who were upgraded to engineering 
jobs. 


“The estimates for new bachelor’s and master s degree graduate en- 
trants are from NSF (1987); the estimates tor new Ph.D. recipients are trom 
NSF (1988d). The data for new bachelor’s and master's degree recupie ats 
are for the labor force status in 1986 of 1985 graduates who were not 
full-time graduate students in 1986. The data exclude toreign students 
who had a foreign address at the time of the survey. 

The labor force entrance rates for the 1985 graduates were adjusted 
upward, based on the status of 1984 graduates in 1986. The longer 
postgraduation lag time was used to provide a more realistic estimate of 
the contribution of recent graduates to the NS,E&CS worktorce, since 
participation rates increase substantially between the first and second 
year after leaving school. The data were also adjusted tor an estimate of 
double counting of master's degree recipients and Ph.Ds who may 
already have been employed in NS,E&CS jobs while in graduate school. 
Downward adjustments for Ph.D.s were made for those reporting thei 
major source of support in graduate school as teaching or research 
assistantships, employer funds, or own earnings. The rates tor employer 
funds and own earnings for Ph.Ds were applied to the master's new 
entrants, as such data are not collected for them. 

All bachelor’s new entrants were assumed to be first-time entrants The 
aforementioned surveys of new entrants do not include those recenving 
the bachelor’s of technology degree. An estimate for bachelor’s of tech- 
nology degree recipients who became NS,E&CS workers was calculated 
= ivedens the same labor force participation rates as for engineering 

ay ete pay and applving that rate to the 19,600 technol- 
ORY atime awa in 1985 resulting 16,600 new entrants are 
included in the inflow to the NS, E&CS workforce 

“This proportion is the remainder of the inflow requirements tor 
growth and replacement after accounting for the inflows of new grad- 
uates, immigrants, and worker upgrading 

“Estimates for foreigners receiving US. bachelor’s and master's de- 
grees are from flow rate estimates for 1981-82 from Finn (1985). Data for 
foreigners with US. Ph.D.s are for 1965 trom NSF (198d) 

“In 1982, there were about 171,000 persons employed as engineers 
without a bachelor’s degree, or roughly 16.3 percent of the emploved 
engineering workers. See NSF (1954). These persons are loosely desig- 
nated as “upgraded workers.” It 1s assumed that upgrading to engineer 
status for meritorious non-degreed persons from among the nearly | 
million engineering technicians and other persons with S/E training 
would continue at about the same rate so as to maintain their share of 
total engineering jobs 


The 180 inflow of new U.S. citizen NS,E&CS 
between 1985 and 1986 was greater than the 
140,000-person increase in total NS,E&CS jobs created dur- 
ing this period. The difference (40,000) is the amount that 
the total outflow from 1985 exceeded the total inflow to the 
1986 stock, ing new graduates. 

The Stock of NS,E&CS Re-Entrants. As noted 
above, almost 40 percent of the inflow to the 1986 NS,E&CS 
stock were re-entrants to the employed NS,E&CS work- 
force. Included in this group are: 


® Natural science, engineering, and computer science 
graduates” who had delayed entering the labor force, 
even though they are not, strictly speaking, re-en- 
trants; 
© NS,E&CS personnel who were einployed in non- 
NS,E&CS jobs in 1985; and 
© Other NS,E&CS personnel who had not worked in 
that year, including retirees from NS,E&CS - 
ment and those who temporarily left the labor force 
Page: rearing or other reasons. 
size of this p cannot be estimated 
mon Frage Bathmenge wh 
ah eed as euashen of pene of working op 
peptic ook occupations. For example, in 
the 25 years between 1961 and 1986, 3.9 million bachelor’s 
degrees in the natural sciences, engineering, and computer 
science were awarded in the United States, or roughly 
NS.E&CS occupations, However the ability of thi in 


upon the level of NS,E&CS training and experience held 
ben their age, their attachment to their cur- 

t or other labor force status, how long they 
have been away from NS,E&CS work and on labor mark 


conditions employers’ willingness to hire or re- 

train such persons or to pay sufficient wages to 

attract re-entrants from high-paying 
outside the NS,E&CS workforce. 


Further—t the extent that the stock of potential 
aabipeanian ais eamien-tealle — 
ments by occupation, skills, or ex 
supply needed workers will be limited. 
supply node workers wb ime Trop mrt 


Summary. The following summarizes the major 
points of analysis of the stock and flow of natural 


scientists, , and computer specialists between 
1985 and 1986. 
© Over the 1-year period of time, the stock was over 10 


times as large as the flow. A little more than 8 percent 


"For purposes of this analysis, recent graduates who are full-time 
students are not included in the potential pool since estimates 
of their post-school employment status are made after they leave school. 


of the 1985 NS,E&CS workforce left and just over 12 
percent of the 1986 NS,E&CS were new or re-< atrants. 


© The most important factors in the estimated 1985 
outflow were those moving to non-NS,E&CS work 
(over two-fifths) and those leaving work (over one- 
third). Each of the other factors—death, unemploy- 
ment, emigration—accounted for one-tenth or less of 
the outflow. Since the total outflow was less than 9 
percent of the total stock, this means that each of these 
three other outflow factors accovnted for between 
about 0.3 percent and 0.8 percent of the estimated 1985 
stock. 


° en Oe ae 
to replace outflows, while the other one-third was 
used for the growth in NS,E&CS The 
most i factors in the estimated inflows to the 
1986 NS,E&CS were new US. citizen graduates 
(about 45 percent) and re-entrants (about 40 percent). 
Each of the other factors—worker upgrades, immi- 
gration, and new foreign graduates—accounted for 7 
or less of the inflow. As the total inflow was 
only about 12 pe of the total stock, this means 
that each of these ‘atter three inflow sources accoun- 
ted for between about 0.4 percent and 0.9 percent of 
the estimated 1986 stock. 


The acknowledged lack of statistical precision in proce- 
dures used to estimate some of the minor factors in this 
section have relatively little effect on the results, as shown 
by some sensitivity testing. If, for example, the estimate for 
worker u (admittedly a difficult number to = 
timate given current data) is off by as much as +50 
the relative impact ofthis group on the 1986 stock, woul 
be between saek men and 1.1 , (25,000 + 
12,500) /3,275,000. Similarly, the other, aie factors for 
which estimates incorporating judgment had to be used 
would have minor impact even if a range of +50 percent 
were used to sensitivity-test the effect of the estimating 

ures. 

Given the high degree of stability of the stock of 
NS,E&CS employed and the demonsirated availability of 
multiple sources of supply, it is clear that substantial ad- 
justments to changing supply and demand conditions in 
the NS,E&CS labor market are possible. The major remain- 
ing questions about such adjustments are their costs (in 
terms of time and resources), whether they would be 
sufficient to meet a sustained increase in ie:nand, and how 
the quality of NS,E&CS personnel would be affected. 


Outlook 


As long as the Nation maintains a vigorous economy, 
spot shortages and surpluses in som: »/E fields seem to 
be unavoidable, as typified by recent shortages in some 
engineering subfie! ls and computer specialties. While 
market forces lly have been a2 to remedy such 
imbalances in the past, futtre corrective act’ ms may re- 

ire increased or new Federal policy mecsiuics. To meet 
the anticipated increase in 4emand for S/i personnel in 
the 1990s, several adjustments may ave (o occur vecause: 


© The size of the traditional 18- to 24-year-old college- 
age cohorts will decline through the early 1990s, and 
© Retirements may increase due to larger proportions 
Sate e cchenendienibedin. 
may not necessarily . Some of the gap 
may be by increased enrollment of the 18- to 24-year 
cohort as well as older students and , many of 
whom remain to work in the United States. In addition, 
small shifts in the of students choosing to train 
in S/E fields, and in the proportions of graduates who 
choose to enter S/E employment fields, could provide an 
adequate supply of new entrants to the S/E workforce.* 
allie & aalicdeds ieaink i einen 
force mobility is particularly in instances of 
tight markets when newly S/E entrants and S/E 


their current fields of 
er demand fields. This is what occurred in 
very high growth in demand for 

There may also be fewer S/E-trained attracted to 
non-S/E jobs. , there may be delays in retire- 
ments of S/E workers in response to needs for their ser- 
vices; this has been the case in past engineering 


Finally, employers may provide training and ing 
of technician personnel. 

What is uncertain is the of these 
required adjustments. Past indicates that these 
supply movements, with adjustments made 
employers, have been sufficient to meet the 


it is known that women, ethnic minority, and older stu- 
dents are a rising ion of all uates, it is 
uncertain how many of them will enter S/E employment 
fields. Also, while it is believed that adjustments in enroll- 


ment patterns will be made in to a growing 
demand for S/E uates, it is not clear that any adjust- 
ments wil! be su t to provide an adequate su in 


the future. Further, many of the adjustments above 
could entail substantial costs and possibly affect the 
quality of the S/E workforce. 


INTERNATIONAL EMPLOYMENT OF SCIENTISTS 
AND ENGINEERS 


The employment of scientists and engi is a sig- 
nificant indicator of the level of effort and relative national 
priority for science and technology among major indus- 
trial countries. While problems of comparability exist be- 
cause of differences among countries in their methods of 
data collection and estimation, international employment 


“Hansen (1986). 

“For instance, a recent report from the National Research Council 
concluded that, since 1972, a substantial portion of job openings for 
engineers has been filled from pools other than the traditional supply 
source of new U.S. citizen engineering recipients, and that the supply of 
engineering talent has, therefore, been capable of adjusting to wide 
swings in employment. See NRC (1988), pp. 37-38. 


a 


data meaningful insight into the relative strengths 
of the S/E workforces in the United States and other 
countries. 

in the early to mid-1980s, the number of nonacademic 
scientists and engineers employed in the United States 
exceeded the combined total of those in France, West 
Germany, Japan, and the United Kingdom. This result was 
not , because the total U.S. population is about 
the same as that of the other countries combined. Examin- 


ing the number of scientists and engineers as a proportion 
of each country’s total labor force showed that the United 
States the tage of scientists and 


highest percen 
followed closely by (in descending order) Ja- 
pan, West Germany, the United Kingdom, and France. 
(See figure 3-24.) In all countries examined, service in- 
dustries predominated among em of scientists, 
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West Germany employed a relatively greater proportion 
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scientists and engineers were employed in service and 
construction industries, while scientists and engineers in 
the United States were more evenly divided between man- 
ufacturing /mining industries and service industries. In 
France, a very high percentage of scientists and engineers 
worked in the government sector. (See figures 3-25 and 
3-26.) 

In absolute terms, the United States has the largest num- 
ber of scientists and engineers working in R&D of any 
country. (See figure 3-27.) As a proportiun of the labor 
force, however, other countries now have concentrations 
of R&D scientists and engineers approximating that of the 
United States. In 1986, Japan’s ratio per 1,000—6.74—was 
nearly identical to that of the United States—6.62. 

The United States led the United Kingdom in the num- 
ber of scientists per 1,000 total labor force (12 versus 8 per 
1,000) and was second to Japan in the number of engineers 
per 1,000 labor force (18 versus 19 per 1,000) in the early 
1980s. However, the U.S. ranked first among the countries 
compared in the ratio both of scientists and of engineers 
with university degrees.* In West Germany, most en- 
gineers have qualifications from technical colleges.*” Of 
the reported scientists and engineers in the United 


Way and jemniaon (1986), p. 2 
“For comparability, only engineers with university degrees are used 
for comparisons. West German engineers trained in professional colleges 
generally have received more specialized and technically intensive train- 
ing; university degree recipients have received broader and more aca- 
demic engineering training. 


Figure 3-25. 
Scientists and engineers in manufacturing for 
selected countries, by occupation group 


(Percent) 
10 20 30 40 50 60 
: ’ Natural 
United 
Sesion C) scientists 
(1986) 
France Computer 
(1982) scientists 
West 
Germany ; 
(1985) Electrical/ 
a electronic 
Japan i 
pra engineers 
United Industrial/ 
Kingdom mechanical 
(1981) engineers 


‘Computer scientists are included under natural scientists as well as 


engineers 
See appendix table 3-14. Science & Engineering indicators— 1989 


Figure 3-26. 
Nenacademic scientists and engineers in selected 
countries, by sector of employment 
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See appendix table 3-15. Science & Engineering Indicators— 1989 


Kingdom, less than half have a university degree. None- 
theless, some of these countries may have stronger train- 
ing in science and mathematics at the precollege level. 

The United Kingdom, France, and West Germany all 
had a greater concentration of first university degrees in 
the natural sciences in 1986 than did the United States. (See 
figure O-7 in Overview.) In absolute numbers, however, 
the U.S. degree recipients were more numerous. In 1982, 
Japan graduated more engineers at the bachelor’s level 
than did the U.S., but by 1983, the number of U.S. engineer- 
ing graduates was 5 percent greater due to an 8-percent 
increase in the number of U.S. graduates and a 5-percent 
drop in Japanese engineering degrees. The U.S. awards 
more than twice the number of engineering doctoral de- 
grees and more than 10 times the number of natural sci- 
ence doctorates than does Japan. 

The age of a country’s S/E labor force can be an indicator 
of the recency of training and its future capabilities. Japan 
had the youngest scientists and engineers of the five coun- 
tries, including the United States: in 1985, almost half of 
the Japanese nonacademic scientists and engineers were 
under 35 years old, and only 7 percent were 55 or older. 
This supports recent observations about the high output 
of the Japanese educational system. About half the scien- 
tists and engineers in France, West Germany, and the 
United States were between 35 and 54 years old. (See figure 


engineers engaged in R&D for 


United France West Japan United 
States Germany Kingdom 
eee ane 
1987. 
See appendix table 3-16 Science & Engineering indicators— 1989 


3-28.) On average, women scientists and engineers were 
younger than their male counterparts in all countries. 
When all five countries were compared, the vast 
majority of engineers were men, with the small proportion 
of females slowly increasing. Science occupations also 
were predominantly male, but with a larger percentage of 
women represented. The United States, France, and the 


Figure 3-28. 
Nonacademic scientists and engineers in selected 
countries, by age group 
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United Kingdom had the best records of using female 
scientists and engineers (10 percent). Only 6 percent of 
scientists and engineers in West Germany were women; 
nearly half of these were social scientists. In Japan, women 
comprised only 5 percent of the scientists and engineers. 
Nearly half of these women were computer scientists. 
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Financial Resources for Research and Development 


HIGHLIGHTS 


The Nation’s investments in research and develop- 
ment (R&D) have continued to grow. 


© Total R&D investments are estimated to have increased by 44 
percent since 1980 (in constant dollars), compared with an 
increase of 17 percent in the previous decade. The estimated 
1989 national investment reached $132 billion, or 2.6 
percent of the gross national product (GNP). (See p. 87.) 


¢ In recent years, the rate of increase in these R&D investments 
has slowed. From 1981 to 1985, total national expendi- 
tures for R&D averaged 6-percent growth per year, in 
constant 1982 dollars, in contrast to an estimated 2-per- 
cent annual growth between 1985 and 1989. Only R&D 
performed at academic institutions shows a high 
growth rate since 1985. (See p. 87.) 


Except in the academic sector, patterns in R&D 
funding and performance have changed little in the 
1980s. 


© During the 1960s and 1970s, Federal R&D funding decreased 
relative to industry funding. But since 1980, Federal and 
industry shares have remained steady and about equal, 
at about 47 percent for the Federal share compared with 
an industrial share of about 48 percent. (See pp. 87-88.) 


© From 1980 to (estimated) 1989, Federal nondefense obliga- 
tions declined 3 percent. While Federal obligations for 
nondefense basic research increased 51 percent over the 
decade, cutbacks in development (-34 percent) and ap- 
plied work (-10 percent), largely related to energy tech- 
nologies, account for the net decline in nondefense Fed- 
eral R&D obligations. (See p. 94.) 


@ In the performance of R&D activities, relative sectoral shares 
have remained stable. Private firms perform about 72 per- 
cent of total national R&D, universities about 11 percent, 
and the Federal Government about 11 percent. (See p. 
88.) 


© In constant dollars, academic institutions have doubled in- 
vestments of their own funds in R&D since 1980. Academic 
institutions received Federal support for 59 percent of 
their R&D activities in 1989, down from 68 percent in 
1980. Asa percentage of the total R&D performed by this 
sector, the institutions’ own funds grew from 22 percent 
to 27 percent over the same period, and industrial funds 
from 4 percent to 7 percent. (See pp. 88-89.) 


¢ In constant dollars, performance of R&D by industrial firms 
reflects aggregate national R&D patterns. From 1980 to 


1985, firms’ R&D performance grew at about 5 percent 
annually; since 1985, this growth has slowed to less than 
2 percent annually. (See p. 87.) 


R&D investment priorities differ considerably 
among the industrialized countries. 


© The U.S. spends more on R&D than the United Kingdom, 
Japan, France,and West Germany combined. (See pp. 3, 96.) 


© Japan and West Germany both invested a larger percentage of 
their 1987 GNPs in R&D (2.9 percent and 2.8 percent, 
respectively) than did the U.S. (2.6 percent). Japan has now 
exceeded the U.S. on this indicator for 3 years (1985-87). 
(See p. 96.) 


© Japan, West Germany, France, and the United Kingdom 
combined invested $11 billion more than the U.S. in non- 
defense R&D. Relative to GNP, Japan invested a percent- 
age point more in nondefense R&D than the U.S. in 1987, 
and Japan’s growth on this indicator has been rapid. 
Between 1979 and 1987, the U.S. increased its non- 
defense R&D/GNP ratio from 1.6 to 1.8, compared to 
increases for Japan of 2.0 to 2.6, for West Germany of 2.1 
to 2.6, and France of 1.4 to 1.8. (See pp. 96-97.) 


© West Germany invested 15 percent of its total governmental 
R&D in industrial development, compared to less than 1 
percent in the United States. Japan invests heavily in ener- 
gy-related R&D compared to the U.S.—23 percent ver- 
sus 4 percent. (See p. 97.) 


© Among broad fields of academic R&D, the U.S. invests by far 
the largest proportion in the life sciences (49 percent), followed 
by 16 percent in the physical sciences and 13 percent in 
engineering. In these same fields, Japan invests 34 per- 
cent, 15 percent, and 22 percent, respectively, of its total 
academic R&D. (See pp. 98-99.) 


In response to shifting economic conditions and 
other factors, states have increased their support of 
science and technology (S&T) activities. 


e Funding of R&D from the states’ own funds has more than 
doubled since 1977, reaching about $769 million in 1988. The 
states are involved ina variety of activities in support of 
S&T, from research grant programs to provision of ven- 
ture capital for company start-ups. However, total state 
funding of R&D from the states’ own sources accounted 
for less than 1 percent of national R&D expenditures. 
(See pp. 101-102.) 


This chapter discusses financial indicators of the Na- 
tion’s research and development (R&D). The first section 
describes broad patterns in the funding and performance 
of R&D both in the current period and over the longer 
term. The patterns of interest are flows of financial resour- 
ces among science and engineering (S/E) funding and 
performing institutions in the various sectors.' 

The second section narrows the focus from total national 
R&D funding and performance to a consideration of the 
character of these activities—i.e., basic research, applied 
research, and development. Transfers of funds among 
R&D-funding and -performing sectors (government, aca- 
demia, industry, and nonprofit institutions) show differ- 
ing patterns for each sector across the various R&D activ- 
ities and broad fields of science and engineering. Section 
three provides comparisons on similar R&D topics among 
the major industrialized countries. 

A new, final section in this chapter presents indicators 
of support for science and technology (S&T) on the state 
level. A recent survey of state S&T funding agencies gen- 
erated data on state agency expenditures for R&D, and 
these data are compared with those from the last such 
survey in 1977. The section also contains indicators of 
institutional development inthe support of state-level S&T 
programs, and a discussion of the different types of pro- 
grams these agencies use to foster S&&T-based economic 
development. 


NATIONAL R&D FUNDING PATTERNS 


In 1989, the United States spent approximately 2.6 per- 
cent of its gross national product (GNP) on R&D activities, 
according to current estimates. This investment in the 
discovery of new knowledge—and in the application of 
knowledge to the development of new products, pro- 
cesses, and services—totaled an estimated $132 billion.’ 

This section discusses broad patterns in the Nation’s 
R&D investment—specifically, patterns among R&D fun- 
ders and performers, ai:.ong the standard classifications of 
R&D work (basic, applied, and development), and across 
various governmental socioeconomic objectives, includ- 
ing defense- versus nondefense-oriented R&D. 


Long-Term Trends 


In constant 1982 dollars, the Nation’s R&D expenditures 
have more than doubled over the past three decades, rising 


‘Most of the data in this chapter are financial data, and changes in 
expenditures are taken as indicators of real changes in the amounts of S/E 
being funded and performed in the Nation. Since no single unit of new 
knowledge exists, funding and expenditure data measure monetary trans- 
fers among R&D-funding and -performing institutions, but only indicate 
changes in the “amount” of R&D being supported and performed. By 
necessity, then, this chapter discusses science as a process or activity; it 
does not discuss the results of this activity. See chapter 5 for other 
indicators of scientific processes and chapters 6 and 7 for S/E output 
indicators. 

Throughout this chapter, current funding or expenditure data are 
presented in current dollars. Trend data are usually deflated to 1982 
constant dollars using the GNP implicit price deflator, and are identified 
as such. See appendix table 4-1. 
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from about $44 billion in 1960 to an estimated $105 billion 
in 1989. (See appendix table 4-2.) Considerable structural 
changes in the patterns of R&D support and performance 
have accompanied this real expansion of R&D investment. 

The most notable of these changes concerns the relative 
roles of the Federal Government and private industry in 
funding, or supporting, R&D. The Federal share of total 
national R&D expenditures has fallen steadily, dropping 
from 65 percent in 1960 to an estimated 47 percent in 1989. 
(See appendix table 4-2.) Over the same period, U.S. firms 
have increased their relative share of support for total U.S. 
R&D activities from 33 percent to 48 percent. This includes 
both in-house R&D and funding of R&D in other sectors. 
Also, university ana college support for R&D grew over 
the three decades, rising from 1 percent to 3 percent of the 
national total. This growth in relative share has been even 
more pronounced in basic research. 

R&D performance patterns have also changed, but in 
different ways. In contrast to their overall increased sup- 
port for R&D, private firms are estimated to have per- 
formed a smaller share of R&D in 1989 than in 1960: 72 
percent versus 78 percent, respectively. Research univer- 
sities and colleges increased their share of R&D perfor- 
mance from 5 percent to 11 percent of the national total 
over the same period. This growth in R&D performed on 
the Nation’s campuses has resulted from steadily rising 
sponsorship of R&D work by both the Federal Govern- 
ment and private industry, and from increased invest- 
ments by the institutions themselves. ’ 


Recent Trends 


National investment in R&D generally rose in the 
1980s—4 percent annually on the average. This growth has 
slowed during recent years, however. (See figure O-19 in 
Overview.) Compared to an average annual constant-dol- 
lar increase of over 6 percent in total national expenditures 
for R&D between 1981 and 1985, expenditures between 
1985 and 1989 are estimated to grow only 2 percent per 
year. Industry’s funding of its own R&D has slowed con- 
siderably, from average annual growth rates of 5 percent 
in the first half of the decade to an estimated less than 2 
percent in the second half. (See appendix table 4-2.) 
Growth in Federal in-house R&D virtually halted over the 
past 4 years, down from increases of almost 7 percent per 
year between 1981 and 1985. 

Only R&D performed by academic institutions con- 
tinued to grow strongly throughout the decade, actually 
increasing its growth rates since 1985 to a 6-percent annual 
average. 


1989 Patterns 


Funds for R&D in the United States came mainly from 
two sources in 1989—private firms and the Federal Gov- 
ernment. (See figure 4-1.) U.S. businesses used their own 
funds to finance 48 percent of the Nation’s total investment 
in R&D; the Federal Government provided 47 percent. (See 


‘See chapter 5 for other indicators of these trends. 


Figure 4-1. 
National R&D expenditures: 1989 


Development—65.3% 


Basic research—14% 


By character of work 


See appendix tables 4-2, 4-3, 4-4, and 4-5. 


text table 4-1.) The remainder of 1989 R&D funding came 
from universities and colleges and nonprofit institutions. 

The role of private industry is larger in performing R&D 
activities than in funding them. In 1989, the estimated $95 
billion in R&D performed by firms accounted for 72 per- 
cent of total national R&D performance. One-third of this 
was financed by the Federal Government. (See appendix 
table 4-2.) During the 1980s, Federal financing of R&D 
performed by industry ‘ncreased at an average annual rate 
of 5 percent; however, this growth rate has slowed to less 
than 2 percent per year since 1985 (in constant 1982 dol- 
lars). Most of the strong growth in Federal Government 
support for R&D in industry during the past decade was 
accounted for by the Federal defense budget (discussed 
further below). 

Total Federal expenditures for R&D reached an esti- 
mated $63 billion in 1989. (See text table 4-1.) Of this, 


industry—48.4% 
Other—4.3% 
Government—11.1% 
Federal 
Government—47 .4% 
By source 


Science & Engineering indicators— 1989 


© 52 percent was transferred to industry, 
¢ 25 percent was disbursed to various Federal agencies, 
© 14 percent to universities and colleges, 


¢ 8 percent to federally funded research and develop- 
ment centers (FFRDC), and 


® 1 percent to nonprofit institutions. (See appendix 
table 4-2.) 


The third largest R&D-performing sector consists of the 
Nation’s universities and colleges.* These institutions de- 
pended on Federal funds for an estimated 59 percent of 
their R&D activities in 1989; this is down from 67 percent 


‘One hundred universities account for about 85 percent of the R&D 
performed by this sector. The research activities of these institutions are 
discussed more fully in chapter 5. 


Text table 4-1. U.S. R&D funders and performers: 1960 


Funders Performers 
Millions of Millions of 
dollars § Percent dollars Percent 

industry.......... 64,035 48 Industry .......... 95,350 72 
Federal Government 62,700 47 Federal Government 14,750 11 

Universities and Universities and 
colleges ........ 3,800 3 colleges ........ 13,900 11 
FFRDCs.......... 4,650 4 
Nonprofits ........ 1,815 1 Nonprofits......... 3,700 3 
Totals ........... 132,350 100 * 132,350 100 


Notes: Data are estimates. See footnotes appendix table 4-2. 


See appendix table 4-2. 
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The National Science Foundation (NSF) uses the fol- 
lowing definitions in its resource surveys. 


Basic research: Basic research has as its objective a 
fuller knowledge or understanding of the subject under 
study, rather than a practical application thereof. As 
applied to the industrial sector, basic research is defined 
as research that advances scientific knowledge but does 
not have specific commercial objectives, although such 
investigations may be in fields of present or potential 
interest to the reporting company. 


Applied research: Applied research is directed to- 
ward gaining knowledge or understanding necessary 
for determining the means by which a recognized and 
specific need may be met. In industry, applied research 


Definitions 


includes investigations directed to the discovery of new 
scientific knowledge having specific commercial objec- 
tives with respect to products or processes. 


Development: Development is the systematic use of 
the knowledge or understanding gained from research 
directed toward the production of useful materials, de- 
vices, systems, or methods, including design and de- 
velopment of prototypes and processes. 


Obligations: Obligations represent the amounts for 
orders placed, contracts awarded, services received, 
and similar transactions during a given period, regard- 
less of when the funds were appropriated or when 


payment is required. 


in 1980. (See appendix table 4-2.) Academic institutions 
themselves finance a larger proportion of their R&D— 
from 22 percent in 1980 to an estimated 27 percent in 1989. 
Similarly, transfers from industry to universities and col- 
leges have increased over the same period—from 4 percent 
to 7 percent of the total R&D performed in these institu- 
tions.” 


BASIC RESEARCH, APPLIED RESEARCH, 
AND DEVELOPMENT 


Each of the sectors fund and perform basic research, 
applied research, and development to varying degrees. 
(See “Definitions,” this page.) Different sectors dominate 
in these R&D work categories: 


© Industry in both funding and performing development 
and applied research, 


e The Federal Government in funding basic research, 
and 


© Research universities in performing basic research. 


The following sections discuss patterns and emphases 
by character of work among these sectors and other fun- 
ders and performers of R&D. 


Broad National Patterns 


While the Nation’s total investment in R&D has grown 
significantly, the relative emphasis of this investment 
among basic and applied research and development has 
changed hardly at all. Since 1960, the proportions of total 
R&D devoted to these types of activities have shifted only 
marginally: 

© Development has fluctuated between 63 percent and 

69 percent; 


The growing transfer of funds for R&D from industrial firms to 
universities and colleges is discussed more fully in chapter 5. 
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¢ Applied research, between 21 percent and 24 percent; 
and 


© Basic research, between 9 percent and 14 percent. (See 
appendix tables 4-2, 4-3, 4-4, and 4-5.) 


In 1989, private firms performed 85 percent of develop- 
ment, followed by Federal in-house laboratories, which 
performed 11 percent. (See figure 4-2.) Firms also per- 
formed most of the applied work (72 percent); the academic 
sector and Federal in-house laboratories were each respon- 
sible for 12 percent of the total. Half of the basic research 
was performed by universities and colleges; of the re- 
mainder, 18 percent was conducted by firms, and 12 per- 
cent each by in-house Federal Government laboratories 
and FFRDCs. 


Federal Obligations for R&D 


Federal R&D funding patterns since 1980 clearly reflect 
government investment priorities. Development grew by 
52 percent (in constant dollars), mainly due to defense- 
related work. (See text table 4-2.) Basic research obligations 
(see “Definitions,” this page) increased 44 percent, ex- 
emplifying continued commitment toa strong Federal role 
in this area. Federally funded applied research has de- 
clined 7 percent during the decade. This adheres to stated 
policy that private industry can—except in national de- 
fense and space-related programs—respond to market for- 
ces better than the Federal Government in making R&D 
investment decisions.° 

Patterns of Federal Agency Support. Federal obliga- 
tions data collected from agency budgets reveal (1) the 
relative emphases of the character of work supported by 
the different agencies, and (2) the specialized relationships 
that have developed over the years between the agencies 
and the actual performers of the R&D. The data also show 


‘See also Office of Science and Technology Policy (1989). 


Figure 4-2. 
National R&D, by funding and performing sectors and character of work: 1989 
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Notes: See footnotes to appendix table 4-3. All data are estimates. 
See appendix tables 4-2, 4-3, 4-4, and 4-5. 


Text table 4-2. Federal obi for defense and 
nondefense R&D, by character of work: 1980-89 
Percent 
1980 1989 change 
Billions of constant 1982 dollars 
Total R&D .............. 35.2 47.7 36 
Basic research ........ 5.5 8.1 
Applied research ....... 8.2 7.4 10 
Development ......... 21.5 32.1 49 
Defense R&D ........... 16.5 29.7 80 
Basic research ........ 0.6 0.7 17 
Applied research ....... 2.0 1.9 5 
Development ......... 13.8 27.0 96 
Nondefense R&D ........ 18.7 18.1 -3 
Basic research ........ 4.9 7.4 51 
Applied research ....... 6.1 5.5 -10 
Development ......... 7.7 5.1 -34 
Note: Data for 1989 are estimates. 
See appendix table 4-13. 
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that, over time, Federal support for R&D activities is be- 
coming increasingly concentrated in fewer agencies. 

The Department of Defense (DOD) dominated Federal 
support of developmental work, accounting in 1989 for 84 
percent of these Federal obligations. (See figure 4-3.) Ob- 
ligations of the National Aeronautics and Space Admin- 
istration (NASA) and the Department of Energy (DOE) 
provided most of the remainder of this category of Federal 
support (6 percent and 7 percent, respectively). Develop- 
ment supported by all other agencies (3 percent) has de- 
clined absolutely over the decade. (See appendix table 4-6.) 

Federal support of applied research is less concentrated 
across the agencies than is development. (See figure 4-4.) 
DOD obligated $2.4 billion for applied research in 1989, or 
26 percent of the total; the National Institutes of Health 
(NIH) accounted for 19 percent; DOE, 10 percent; and 
NASA, 18 percent. Together, these four agencies obligated 
67 percent of total Federal obligations for applied research 
in 1980 and 73 percent in 1989. (See appendix table 4-6.) 

NIH accounted for the bulk—38 percent—of total 
Federal support of basic research in 1989, followed by NSF, 
17 percent; NASA, 13 percent; DOE, 12 percent; DOD, 9 
percent; and the Department of Agriculture (USDA), 
5 percent. (See figure 4-4.) The six agencies accounted for 
93 percent of Federal obligations for basic research in 1980 
and 95 percent in 1989. (See appendix table 4-6.) 

Federal Intramural Laboratories. Overall, Federal 
agencies perform 24 percent of the R&D indicated by their 
budgetary obligations.’ In 1989, these in-house R&D ac- 


’All intramural obligations data include administrative costs of the 
R&D programs. 
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Figure 4-3. 
Federal obligations for development, by 
agency: 1980-39 
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tivities were estimated to cost nearly $15 billion.” (See 
appendix table 4-7.) Obligations to federally run labor- 
atories have increased annually, on the average, by 2.8 
percent for basic research and 4.7 percent for development 
since 1980, though since 1985 this growth has slowed 
considerably. Between 1988 and 1989, only NASA ex- 
perienced a positive growth (in constant dollars) in in- 
tramural basic research funding. (See appendix table 4-8.)° 


“Transfers among Federal agencies are included in these data, but are 
not identified separately here. 

“Appendix table 4-8 shows an increase for intramural research by the 
National Science Foundation. However, NSF may not, by law, operate 
laboratories. NSF intramural funding includes transfers to other agencies, 
especially to the Department of the Navy for support of NSF Antarctic 
programs. 


Federal agency expenditures on basic research per- 


Figura 4-4. formed in-house were estimaied at $2 billion. NIH sup- 
Federal obligations for research, by agency: 1980-89 ports most of its in-house basic research at its laboratories 

in Bethesda, Maryland. In 1989, this activity cost about 
(Million constant $630 million; this was 16 percent of NIH’s basic research 
1982 dollars) budget and 28 percent of the Federal total for intramural 
4,000 basic research. (See appendix table 4-9.) The other two 


significant funders and performers of intramural basic 
research are NASA (22 percent of the total in 1989) and 
3,500 F 7 USDA (15 percent). The Department of Defense financed 
12 percent—or $278 million—of the Federal Government's 


3,000 + Pos : in-house basic research in 1989, but this was a decrease 

; NIH.’ both in deflated dollars since 1984 ($303 million) and rela- 
Pie tive to other agency shares. (See appendix table 4-8.) 

2,500 F- ae 4 Federal intramural laboratories in 1989 performed over 


five times more applied research and development than 
oo basic research—$12.5 billion versus $2.3 billion. (See ap- 

2,000F... -? 7 pendix table 4-9.) DOD and NASA, for example, together 

accounted for 75 percent of total Federal obligations for 

in-house R&D; and most (69 percent) of this was for ap- 

plied research and development. Laboratories operated by 

NSF Federal agencies are overwhelmingly devoted to knowl- 


1,000 F - edge discovery or application focusing on the Nation’s 
eS me defense and space policies. 
——_-_ DOD A significant portion (40 percent) of the Federal in- 


sor NASA , tramural applied research total is provided by a group of 
smaller, specialized agencies with important R&D mis- 
0 SD eae sions. (See appendix table 4-9.) The contributions of these 
1980 1982 1984 1986 1988 agencies’ in-house R&D tends to be obscured by the rela- 
(Million constant 8 4Sic research tively large R&D intramural obligations of DOD, NIH, and 
1982 dollars) NASA. These smaller agencies and programs include: 
4,000 


© The Agricultural Research Service and Cooperative 
State Research Service of USDA, 


3,500 : ® The Geological Survey of the Department of the Inte- 
rior, 
3,000 f° ) ¢ The National Oceanographic and Atmospheric Ad- 


ministration of the Department of Commerce, and 


® Medical sciences research in the Veterans Administra- 
tion. 


Distinctive R&D Agency-Performer Patterns. Distinc- 
tive patterns of support among Federal funding agencies 
and different types of R&D performers have developed 
over the years. For example, total Federal R&D obligations 
to FFRDCs is dominated by funding from DOE and DOD. 
(See text table 4-3.) Likewise, DOD, NASA, and DOE 
maintain ongoing specialized relationships for applied 
research with industrial firms and FFRDCs administered 
500 + y by either universities, industry, or nonprofit institutions. 

IH, in contrast, expends the bulk of its applied research 
and development funds at nonprofit institutes and the 
research hospitals of the academic sector. 


1900 10ez 1084 1888 1088 As for basic research, different agencies and different 
Applied research performing sectors play relatively larger roles than in ap- 

lied research and development. The largest performer of 

See appendix table 4-6. Science & Engineering indicators— 1989 sic research (in terms of total agency basic research 


obligations) is universities and colleges (52 percent); this 
sector is primarily funded by NIH (50 percent), NSF (24 
percent), and DOD (10 percent). DOE, as in its support of 
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Text lable 4-3: Federal R&D obligations, by agency and performing sector: 
1989 


Performer total 
Federal Primary funding Secondary 
Perfurmer obligations source funding source 
Millions of 
dollars Percent Percent 
Total R&D 
Intramural laboratories ............ 14,745 DOD 62 NASA 13 
industrial firms ................... 29,184 DOD 86 NASA 8 
FFRDCs admin. by industry ........ 1,923 DOE 79 DOC 17 
Universities & colleges ............ 8,167 NIH 49 NSF 17 
FFRDCs admin. by U€C........... 3,638 DOE 55 DOD 24 
Other nonprofit institutions ......... 1,706 NIH 51 DOD 16 
FFRDCs admin. by nonprofits ....... 528 DOD 83 DOE 14 
Basic research 
Intramural laboratories ............ 278 NIH 28 NASA 22 
industrial firms ................... 1,267 NASA 59 DOD 15 
FFRDCs admin. by industry ........ 142 DOE 93 NIH 3 
Universities & colleges ............ 5,308 NIH 50 NSF 24 
FFRDCs admin. by U&C ........... 1,101 DOE 70 NASA 18 
Other nonprofit institutions ......... 734 NIH 73 NSF 12 
FFROCs admin. by nonprofits ....... 15 DOE 91 DOD 6 
Applied , 
intramural laboratories ............ 3,505 DOD 27 NASA 21 
industrial firms ................... 2,150 DOD 47 NASA 33 
FFRDCs 2dmin. by industry ........ 316 DOE 62 DOD 19 
Universities & colleges ............ 2,118 NIH 51 DOD ‘12 
FFRDCs admin. by U&C ........... 585 DOE 57 NASA 26 
Other nonprofit institutions ......... J27 NIH 49 NASA 9 
FFRDCs admin. by nonprofits ....... 73 DOE 60 DOD 20 
Intramural laboratories ............ 8,971 DOD 88 NASA 7 
industrial firms .................5. 26,374 DOD 91 NASA 5 
FFRDCs admin. by industry ........ 1,465 DOE 82 DOD 18 
Universities & colleges ............ 741 DOD 45 NIH 37 
FFRDCs admin. by USC ........... 1,952 DOE 46 DOD 41 
Other nonprofit institutions ......... 445 DOD 47 NIH 17 
FFRDCs admin. by nonprofits....... 445 DOD 96 DOE 4 
Note: Data are estimates 
See appendix table 4-9 
Science & Engineering indicators— 1989 


applied research and development, obligates most—84 
percent, or $774 million—of its basic research funds to 
FFRDCs under contract with universities. Federal obligations 
for basic research in private firms are concentrated in the 
budgets of NASA and DOD. NASA is especially atypical 
in its reliance on private firms for basic research, account- 
ing for 59 percent of that sector’s total Federal basic re- 
search obligations. 

Federal funding of basic research in industry has been 
cyclical over the long term. (See appendix table 4-10.) 
During the past two decades, total Federal funding of basic 
research in private firms declined to constant-dollar lows 
of $206 million in 1975 and $271 million in 1982. The 
overall trend in the 1980s has been positive, with Federal 
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financing of industrial basic research increasing about 3.5 
percent per year in real terms. 

These recent increases have not been related to growth 
in DODexpenditures, however: DOD transfers to industry 
for basic research have actually decreased annually 3 per- 
cent during the 1980-89 decade. Rather, the increases are 
due to growing support for industrial basic research from 
NASA (3 percent per year since 1980), NIH (10 percent), 
DOE (15 percent), NSF (15 percent), and all other agencies 
(12 percent). 

Field of Science and Engineering. Federal obligations 
for research, distributed across the broad fields of science 
and engineering, have generally increased in basic re- 
search and decreased in applied research over the past 10 


years. (See appendix tables 4-11 and 4-12.) In basic re- 
search, only obligations for the social sciences have de- 
creased, down about 38 percent since 1980. The environ- 
mental sciences have increased at the slowest rates: about 
2 percent per year, on the average, since 1980. As a result 
of these annual incremental changes, the relative shares of 
Federal obligations to basic research in certain fields have 
shifted. For example, obligations in the life sciences in- 
creased from 44 percent to 47 percent of the total, those in 
environmental sciences dropped from 11 percent to 9 per- 
cent, and the social sciences declined from 3 percent to 1 
percent. 

Applied research obligated in Federal agency budgets 
has lost favor during the 1980s; the exceptions to his trend 
have been mathematics and computer science, which have 
grown by nearly 9 percent per year. (See appendix table 
4-12.) 


Federal Defense and Nondefense Obligations 


Most R&D obligations of the Federal Government are 
for defense. In fact, in 1989, an estimated 65 percent of total 
Federal obligations for R&D were earmarked for this pur- 
pose. (See appendix table 4-13.) Between 1980 and 1989, 
Federal R&D obligations for defense increased by 80 per- 
cent. (See text table 4-2 and figure O-5 in Overview.) 

Defense-related increases in federally funded R&D have 
been led by investments in developmental work—mainly 
for new weapons systems—throughout the 1980s. These 
investments have nearly doubled in constant dollars. De- 
fense basic research has also experienced real growth—17 
percent over the decade—but is less than 1 percent of total 
defense R&D. 

In contrast, nondefense R&D obligations of the Federal 
Government display a declining pattern over the decade. 
A 34-percent decrease in development funding (mainly in 
energy-related technologies), combined with a parallel 
7-percent decrease in applied work, resulted in decreased 
total Federal obligations for nondefense R&D of 3 percent. 
This decline was not offset by increases in basic research 
investments of 51 percent. 


Independent Research and Development 


A unique program of the Federal Government for the 
support of R&D is independent research and development 
(IR&D). IR&D consists of in-house and extramural R&D 
carried out by private contractors on projects they them- 
selves choose in anticipation of the Government's defense 
and space needs. The Federal Government allows contrac- 
tors to recover a certain level of their IR&D costs as over- 
head charges allocated to Federal contracts (both R&D and 
procurement) on the same basis as general and administra- 
tive costs.” Only NASA and DOD are significant par- 
ticipants in the program. 


Following a DOD technical evaluation of company R&D plans, each 
major contractor negotiates an advance agreement on the size of its IR&D 
program. DOD negotiates for all agencies, and the negotiations result in 
both a ceiling for the contractor's IR&D allowable expenditures and a 
percentage of these costs that the Government will reimburse. Companies 
regularly exceed their ceilings, but may not charge these costs to govern- 
ment contracts. 


In 1987, industrial firms were estimated to have incurred 
$4.7 billion in IR&D costs, of which the Government rei:n- 
bursed $2.2 billion, or 46 percent. (See figure 4-5.) Ne- 
gotiators for industry have successfully increased this per- 
centage, which was about 39 percent in 1978."' 

As a proportion of R&D support by DOD and NASA, 
IR&D has recently decreased. (See appendix table 4-15.) 
After an increasing trend earlier in this decade, reaching 
11.4 percent in 1984, IR&D as a percentage of total support 
for industrial R&D by the two agencies had fallen to an 
estimated 8.5 percent in 1987. Moreover, both the absolute 
IR&D costs incurred by industry and the absolute amounts 
reimbursed by the Government turned down in 1987 over 
1986. NASA’s reimbursements decreased sharply in 1986 
following the Challenger accident, when many NASA 
R&D programs were delayed. 


''The Federal Government has encouraged industry-university co- 
operation by allowing higher ceilings for [R&D in firms that were able to 
demonstrate increased interaction with universities using IR&D. See NSB 
(1985), pp. 43-44. 


Figure 4-5. 
IR&D costs and reimbursements: 1976-87 
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Federal R&D Support by National! Objective 


The Office of Management and Budget identifies 16 
budgetary categories, or “functions,” that contain Federal 
R&D programs.” These are the functions in which the 
Federal Government has established national policy objec- 
tives as reflected in Federal spending documents. 

Five functions are estimated to dominate Federal R&D 
obligations in 1990, accounting for 93 percent of Federal 
R&D obligations: 


* National defense—65 percent (see “Federal Defense 
and Nondefense Obligations ’”’ discussion, above), 


* Health—12 percent, 

© Space research—9 percent, 

© General science—4 percent, and 

© Energy—3 percent. (See figure 4-6.) 


Three other functional areas of Federal concern each 
account for between 1 percent and 2 percent of R&D 
obligations: transportation, natural resources, and agricul- 
ture. 

The nondefense portion of Federal R&D obligations is 
dedicated to the functions of health (35 percent), space (26 

ent), general science (11 percent), and energy (10 per- 
cent). In Federal funds for basic research only, health (41 
percent) and general science (23 percent) predominate." 
(See figure 4-6.) 

The relative shares of Federal R&D funds devoted to 
these various functional areas have changed over the dec- 


"For definitional details, see NSF (1989b). 

"By definition, virtually no applied or development work appears in 
the “general science” budgetary category. In contrast, health and space 
research each account for about 7 percent of applied and deve'opment 
work combined. 


Figure 4-6. 
Federal R&D funds, by budget function: 1990 


National defense—65°% 


Total research and development 


See appendix tables 4-16 and 4-17. 
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ade. Federal funding for energy R&D declined from 12 
percent of total obligations in 1980 to 3 percent in 1990. (See 
appendix table 4-16.) Most of this decrease over the decade 
reflected Federal policy to leave applied and development 
work in commercial energy technologies to the private 
sector. 


Industrial R&D" 


Support for basic research in industry comes largely 
from companies’ own funds; in 1986, 81 percent of basic 
research expenditures were estimated to have come from 
companies’ own financiai resources. (See appendix table 
4-18.) The remainder came from the Federal Government. 
These relative shares have changed little over the past two 
decades. 

Federal funding of industrial basic research is concen- 


trated in | justries. In 1986, about 54 percent of all 
indust’ =. recci>(s from the Federal Government for this 
work © 2 located in the electrical equipment (Standard 


Indust _ ‘ass ification—SiC—code 36) and transporta- 
tion (SIC s, ; industries, the latter of which includes aircraft 
and missiles. (See appendix table 4-18.) Most (52 percent) 
Federal support of basic research within the electrical 
equipment industrial group was in communication equip- 
ment firms (SIC 366), but firms’ own funding dominated 
this industrial group. 

In transportation equipment, however, the pattern was 
reversed. Federal funding for basic research dominated in 
both the group overall and in the aircraft and inissiles 
subgroup, providing 55 percent and 65 percent, respec- 
tively, of the funding. Overall, 85 percent of all basic 
research in transportation was located in aircraft and 


‘Industrial R&D is discussed in greater detail in chapter 6. 


missiles, underlining the relatively small amount of basic 
research (i.e., some $46 million) performed in the United 
States in nonaviation transportation. 

Available estimates on large industry groups reflect the 
R&D funding patterns and missions of the Federal Gov- 
ernment. Across all industries, the ratio of basic research 
to applied research to development was approximately 
1:6:24. (See appendix tabie 4-18.) Ratios among these types 
of R&D work are different, however, when broken out by 
source of funds (Federal versus industry funds) and by 
large industry group. NASA’s and DOD’s mission fund- 
ing in the aircraft and missiles group (SIC codes 372 and 
376), for example, is reflected in the ratio of Federal Gov- 
ernment funding in this industry of 1:10:66; industry’s 
own funding ratio is 1:13:36. In all three categories of R&D 
work in the aircraft and missiles subgroup, Federal fund- 
ing accounted for more than 50 percent of the industry’s 
total performance in 1986. 


INTERNATIONAL COMPARISONS 
R&D Funding as a Percentage of GNP 


R&D expenditures as a percentage of GNP has become 
one of the most widely used indicators of a country’s 
commitment to scientific knowledge growth and develop- 
ment. The industrialized nations of France, West Ger- 
many, Japan, the United Kingdom, and the United States 
have maintained an R&D/GNP ratio of between 2 percent 
and 3 percent throughout the decade of the 1980s. Dif- 
ferences in emphases among these countries in the types 
of R&D investments become clear, however, when they 
are disaggregated." 

The funding of R&D as a percentage of GNP has in- 
creased in the major industrialized countries over the past 
10 years. (See appendix table 4-19.) The approximate 2.6- 
percent R&D/GNP ratio of the United States has increased 
by at least half a percentage point (although it decreased 
in 1984 and 1985). (See figure O-2 in Overview.) The 
growth in this indicator, however, has not kept pace with 
the same indicator in Japan and West Germany, both of 
which now invest a larger percentage—2.9 percent and 2.8 
percent, respectively. Both of these countries have now 
exceeded the U.S. on this indicator for 3 years (1985-87). 


Defense and Nondefense R&D Expenditures 


Nondefense R&D expenditures as a percentage of GNP 
in both Japan and West Germany exceeds that of the 
United States. The Japanese spend a full percentage point 
more of their GNP on nondefense R&D (see figure O-3 in 
Overview); West Germany spends eight-tenths of a per- 
centage point more. Furthermore, this ratio has been grow- 
ing faster during the eighties in other countries than in the 
United States. Between 1980 and 1987 (the last year for 
which comparable data are available), countries increased 
their nondefense R&D/GNP ratio as follows: 


Detailed and more extensive data can be found in NSF (1989c). 


¢ U.S., from 1.7 percent to 1.8 percent; 
¢ Japan, from 2.2 percent to 2.8 percent; 
© West Germany, from 2.3 percent to 2.6 percent; and 


¢ France, from 1.4 to 1.8 percent. (See appendix table 
4-20.) 


The United States spent approximately $68 billion on 
nondefense R&D in 1987, compared with $39 billion in 
Japan and $18 billion in West Germany.'* The United 
Kingdom and France invested about $10 billion to $11 
billion each. (See appendix table 4-20.) The growth in these 
investments in Japan has outstripped that in the other 
industrialized countries. Between 1980 and 1987, for ex- 
ample, Japan’s nondefense R&D grew by 69 percent (in 
constant dollars) compared to U.S. growth of 21 percent. 
Comparable percentage increases were 43 percent in 
France and 27 percent in West Germany. 


"See appendix table 4-20 for details on conversion of national curren- 
cies to dollars. 


Figure 4-7. 
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Figure 4-8. 
Government budget appropriations for R&D, by socioeconomic objective: 1987 
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In 1987, the U.S. invested approximately $11 billion less 
than Japan, West Germany, the United Kingdom, and 
France combined in nondefense R&D. On the other hand, 
in total R&D including defense, the U.S. invested $15 billion 
more than these four nations combined. 


Basic Research Versus Total R&D 


The United States and Japan devote about the same 
proportion of their R&D investments to basic research: 12 
percent and 13 percent, respectively, in 1986. (See figure 
4-7.) France spends about one-fifth of its total R&D on basic 
research, compared to 18 percent (in 1985) for West Ger- 
many. 


R&D by Socioeconomic Objective 


The relative shares of countries’ R&D appropriations 
reflect striking differences in areas of national interest. In 
the United States, 69 percent of the total Federal invest- 
ment in R&D is devoted to national defense, compared to 
50 percent in the United Kingdom, 34 percent in France, 13 
percent in West Germany, and 5 percent in Japan. (See 
figure 4-8.) The United States Government also stands out 
for its investments in health-related R&D (12 percent); this 
emphasis is especially notable in R&D performed in aca- 
demic and similar institutions. (See “Fields of Academic 
R&D” discussion, next page, and appendix table 4-22.) 
About 4 percent of Government appropriations for R&D 
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in the U.S. are connected with national objectives related 
to energy and the general advancement of knowledge.’ 

Japanese Government appropriations for R&D are in- 
vested relatively heavily in general university research 
(about 50 percent for ‘‘advancement of knowledge” and 
“general university funds’ —GUF—combined). The Jap- 
anese also spend about 23 percent of their governmental 
R&D funds on energy-related R&D, reflecting the coun- 
try’s concern with its heavy dependence on foreign sour- 
ces of energy. 

The Government of West Germany invests heavily in 
R&D related to industrial development--15 percent of its 
total 1987 investment versus 11 percent in France, 5 per- 
cent in Japan, and 0.2 percent in the United States. The 
small proportion of U.S. investments in industrial devel- 
opment reflects a long-standing policy of the U.S. Govern- 
ment to rely on private sector investment decisions in this 
area. 


"In the U.S., “advancement of knowledge” is a catch-all budgetary 
category for basic research unrelated to a specific national objective. 
“General university funds,” which contain some basic research funds, 
cannot be separately distinguished in the United States. See, however, the 
“Fields of Academic R&D” discussion, next page, and Martin, Irvine, and 
Isard (forthcoming). 


Differences in R&D-performing institutions, and dif- 
ferent institutional accounting practices, confound ef- 
forts to compare different countries’ R&D investments 
and emphases. This is particularly true in the case of 
academic R&D, which comprises hundreds of different 
accounting systems. 


A recent analysis performed at the Science Policy 
Research Unit (SPRU) in Sussex, England, and jointly 
sponsored by NSF and Britain’s Advisory Board for the 
Research Councils permits international com- 
parisons—by field—of academic and academically re- 
lated research (Martin, Irvine, and Isard, forthcoming). 
These research activities are closely tied to the growth 
of disciplinary public knowledge commonly published 
in the scientific literature. Because it plays such an 
important role in social and economic progress, the 
growth of such knowledge is widely viewed as critical 
in national R&D investment strategies. 


In the United States, a particularly thorny problem in 
collecting data on academic R&D concerns general uni- 
versity funds (GUF). U.S. universities have been in- 
creasing their own funding of R&D, but what propor- 
tion of these GUF funds support R&D? The data 
describing university support for R&D elsewhere in this 
chapter do not include GUF that support R&D and are 
not identified by the universities as support for specific 
research projects. (See appendix tables 4-2 and 4-5.) This 
issue arises particularly in the case of public univer- 
sities, which receive general appropriations from state 
governments and then distribute them among different 
activities, including some research activities. 

The SPRU analysts produced an estimate of support 
for academic research otherwise subsumed in GUF as 
follows. Using the percentage of work time that faculty 
spend on research, they calculated a “faculty-salary” 
contribution in GUF. This GUF contribution to aca- 
demic research support involved multiplying the num- 
ber of faculty in public universities by a coefficient 
derived from the percentage of time academic faculty 


Fields of Academic R&D 


spend on research, and multiplying the resulting “‘re- 
search full-time equivalent personnel” by average 9- 
month salaries, including fringe benefits. To generate 
broad field estimates, the analysts then distributed their 
total estimate across fields according to the distribution 
of academic staff in the different fields. Thus, in the 
SPRU analysis, academic R&D financed by university 
funds consists of the GUF faculty-salary contribution, 
plus other institutional funds set aside specifically for 
research. 


Tre U.S. academic and academically related R&D 
support in figure 4-9 and appendix table 4-23 thus 
consists of three parts. (Details of the equivalent num- 
bers for other countries can be found in Martin, Irvine, 
and Isard, forthcoming.) 


1. University support for research: 
¢ Institutions’ own funds set aside specifically for 
research, and 
¢ The GUF contribution discussed above. 
2. Separately budgeted academic research: 
¢ Federal, state, and local current and capital R&D 
expenditures on campuses; 
¢ Federally financed fellowships; and 
e Anestimate of project management costs borne by 
the Federal funding agency. 
3. Academically related research: 
¢ Activities of the 19 FFRDCs administered by uni- 
versities (in 1987) that relate to provision of central 
facilities for academic researchers, and 
¢ Intramural research of the NIH. For other countries 
in the analysis, this last category includes research 
council establishments of the type common in Eur- 
opean countries, as well as various agricultural and 
medical institutes, especially those with a role in 
postgraduate training. Examples include the Max- 
Planck Institutes in West Germany and 
laboratories of France’s Centre National de la Recher- 
che Scientifique (CNRS). 


STATE-LEVEL SUPPORT FOR SCIENCE 
AND TECHNOLOGY’ 


Indicators of recent increased state-level support for 
science and technology are of two types: 


° New organizations in state governments established 
specifically for the development of science and tech- 
nology, and 


¢ Increased state funding for S&T-related activities, in- 
cluding R&D. 


“S&T” is used in this section to emphasize the broad range of state 
activities in the support of economic development based on science and 
technology 
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The following sections present data and analysis froma 
recent survey of the state S&T agencies in 13 states, and 
state R&D expenditure data from a special national sur- 
vey. 


History 


In recent years, much publicity has accorapanied the 
creation of new state S&T programs designed to enhance 
the states’ technological and cumpetitive capacities. The 
history of state programs supporting S&T can be divided 
into three periods characterized by particular underlying 
economic, sociological, and political forces. 

From the Morrill Act to 1980. The first phase in the re- 
lationship between states and S&T began when President 


The SPRU analysis shows that all of the countries 
emphasize the life sciences in their academic research, 
with the U.S. devoting almost half its academic support 
in this broad field. (See figure 4-9.) The U.S. also stands 
out in its investment of larger absolute amounts of 
financial resources across all broad S/E fields. (See 


France emphasizes the physical sciences, investing 30 
percent of its total academic R&D. Other European 
countries also invest more in the physical sciences rela- 
tive to the United states and Japan. The Japanese stand 
out in their relatively strong support of academic R&D 
in engineering, though the U.S. spends absolutely more 


Engineering 


sciences 
Note: Data are preliminary. 
See appendix table 4-23. 


Environmental 


appendix table 4-23.) than twice as much as Japan in this category. 
Figure 4-9. 
Academic and academically related research, by field and country: 1987 
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Lincoln signed legislation establishing the U.S. De- 
partment of Agriculture. In 1862, the Morrill Act granted 
the states Federal land for the establishment of what later 
became known as the “‘land grant” colleges and univer- 
sities. Since then, virtually all states have been active in the 
support of new knowledge development in agriculture 
and the dissemination of this knowledge to agricultural 
users. The Federal Government contributed to this in- 
stitutionalization through: 


® USDA’s Agricultural Research Service, with its net- 
work of research facilities throughout the Nation; 


© The Cooperative State Research Service; and 


¢ The Agricultural Extension Services. 


With the expansion of the land grant universities, a 
model evolved for cooperation of the Federal, state, uni- 
versity, and industry sectors in the support of S&T-based 
economic development. 

A second phase for state S&T interests was initiated short- 
ly after World War II, when existing programs were eclipsed 
by the rapid growth of Federal S&T programs and agen- 
cies. Federal support of science and technology—especial- 
ly for defense, space, and health-related objectives—had 
considerable impact on states and regions. Federal funds 
for research and the education of veterans contributed to 
the very rapid growth of institutions of higher education, 
and some schools began to emerge as significant national 
research institutions. Regional institutions, including tech- 
nical institutes and most land grant schools, expanded 


their engineering programs. They also frequently devel- 
oped special relationships with local industries. Or- 
ganized research units proliferated on campuses, sep- 
arated from traditional disciplinary departments.'’ These 
new research units usually had a more applied orientation 
than the academic departments. 

Industries—particularly those performing defense and 
space work—were attracted to the supply of talent at 
universities or at specialized government installations 
(e.g., Califoriiia, Texas, and Florida for space programs; 
California, Massachusetts, and Washington for defense 
programs). By locating businesses in these areas, con- 
centrations of regional development emerged. At least one 
state, North Carolina (which established its Board of Sci- 
ence and Technology in 1963), explicitly intended to re- 
create the conditions underlying other regional develop- 
ment patterns by capitalizing on a network of public and 
private universities around Chapel Hill in what has be- 
come known as the “Research Triangle.’ Thus, a state’s 
strong tradition of public support for education was chan- 
neled into an outright effort to bring together in one region 
the academic expertise of several universities for the pur- 
pose of high-tech development. 

Concurrently, a brief flurry of state activities in support 
of S&T occurred in the 1960s. Under the State Technical 
Services Program of the U.S. Department of Commerce, 
some states created S&T commissions and foundations, 
and some appointed science advisors to the governor. In 
the 1970s, NSF, through its Intergovernmental Science and 
Technology Program, supported the formation of organ- 
izations to provide S&T information to state governments. 
It also helped to establish state S&T advisors and boards, 
which were often located in legislative branches. Although 
a few of these offices survive, they are separate from the 
new, action-oriented institutions discussed below, most of 
which are executive branch agencies and some of which 
are in the governor's office itself. 

The 1980s. A third phase in state support for S&T 
started in the early 1980s.” States began establishing agen- 
cies to promote S&T development, and by 1988 at least 38 
states had such offices. 

Several factors underlie this growth of state-level in- 
stitutions for S&T. First, economic dislocations in some 
states forced them to search for models for economic 
growth based on S&T. For example, some states in the 
Midwest and Northeast faced declines in their traditional 
‘“‘smokestack”’ industries and turned their attention to an 
existing resource—research universities—as the center- 
piece of new economic development policies. This practice 
was aimed at: 


® Creating and attracting knowledge-intensive indus- 
tries to replace those declining because of new tech- 
nologies, reduced markets, or foreign competition; 
and 


'°NSB (1985), pp. 109 and 282. 
This and the following sections 
Teich (forthcoming). The study fo: 
13 states responsible for promotio: 
a state with S&T-related missions 
*'National Governors’ Association 


ily on Lambright, Price, and 
showcase”’ state agencies in 
d not on all agencies within 


¢ Encouraging modernization by existing but troubled 
manufacturing industries. 


Similarly, oil-producing states like Texas, Oklahoma, 
and Alaska—which experienced severe economic declines 
when oil prices dropped—also enacted S&T-promoting 
agencies and programs. These initiatives were usually 
undertaken in the executive branch, and often figured 
prominently in gubernatorial contests. In fact, the National 
Governors’ Association itself has played a significant role 
in promoting the awareness of the S&T role in economic 
development.” 

Second, the new state initiatives reflected changes in the 
Federal approach to science investments. Some new Fed- 
eral programs began to require state and/or industrial 
matching funds. States were also keenly aware of the size 
of some large new scientific and technological enter- 
prises—e.g., DOD’s Sematech (a consortium to develop 
manufacturing technologies) and the Microelectronics 
and Computer Technology Corporation (MCC), both now 
located in Texas—and the need for coordinated efforts 
involving state, industrial, and university resources in 
competing for such initiatives. Announcement by the Fed- 
eral Government of the Superconducting Super Collider 
(SSC) project also galvanized the interest of many states. 

Third, changes in the nature of S/E research required 
not only the construction of very large scientific instru- 
ments but also new institutional forms for cross-disciplin- 
ary work. And these changes inevitably brought greater 
political attention to how these awards were made. In 
efforts to build capabilities for S&T in specific institu- 
tions—and as a result of intense lobbying by universities 
themselves—the U.S. Congress began inserting specific 
line items for research facilities in appropriations bills.*’ 


New Institutional Developments 


State agencies for S&T-based economic development, 
although they vary greatly in scope, budget, and influence, 
share one common characteristic: their objective is the 
support of S&T for economic development, and not the 
support of research for its own sake. 

Among the 13 state S&T agencies studied,” agency 
funding varied from a low of $78,000 in Texas (FY 1988) to 
a high of $36 million in Pennsylvania (FY 1987). (See 
appendix table 4-24.) In addition to state budgetary obliga- 
tions, most state agencies operate programs that require 
matching funds from the participating institution or busi- 
ness. 

Level of funding, however, depends upon whether the 
agencies operate programs or are only advisory. State 
agencies with programmatic responsibilities tend to have 
larger budgets. Of the 13 studied, 2 state agencies have 


See National Governors’ Association and the Conference Board 


(1987). For a discussion of the political reasons for establishing these 
programs, see Feller (1984). 


“See Savage (1989). 
**Lambright, Price, and Teich (forthcoming). 


only advisory roles (Texas’s Office of Advanced Technol- 
ogy and North Carolina’s Board of S&T), and their budgets 
are relatively low.” 

Four of the thirteen states use the agency director as the 
science advisor to the governor, though this function can 
be unofficial (as in Arkansas) or can change from one 
governor to the next (as in Florida). All agencies receive 
advice and direction from boards of directors; in this way, 
board members from the business and academic com- 
munities are expected to bring their particular interests to 
bear on agency programs 

Some states have targeted their agency programs to 
have regional effects. Massachusetts, for example, has 
sponsored centers for R&D at regional universities and 
institutes of technology away from Boston; Pennsylvania 
established four regional offices to operate its Ben Franklin 
Partnership; and New York has distributed its Centers for 
Advanced Technology around the state. 

State S&T agencies are in different stages of develop- 
ment. For example, although both Alaska and California 
established their state offices for S&T development in 1988, 
Alaska has embarked on a program of “capacity building” 
for its state S&T; California, on the other hand, is a highly 
developed state in terms of science and technology * 

While most of these agencies are relatively new, roles in 
the older ones have evolved. The New York S&T Founda- 
tion, for example, founded in 1963, has evolved inio an 
unportant agency with a staff of 26 and sponsoring $14 
million in R&D support out of a budget total of $24 million 
in 1987. (See appendix tables 4-24 and 4-25.) North Caro- 
lina’s Board originally sponsored research centers and 
then spun them off to other agencies, but recently has 
ended its grants program. 

The agencies also support S&T activities other than 
R&D. Six of the thirteen provided funds for purchase of 
scientific equipment or construction of facilities, and nine 
sponsored technology transfer programs. (See appendix 
table 4-25.) One of the more novel forms these non-R&D 
programs may take is the provision of venture or ‘‘seed” 
capital for company start-ups, sometimes using state pen- 
sion funds: 7 of the 13 states provided some kind of busi- 
ness start-up support. Other more strictly business- 
oriented programs include support for incubators, 
assistance in qualifying for Small Business Innovation Re- 
search programs of the Federal Government, managerial 
and technical assistance, and establishment of research 
parks. Some states also have special tax incentives for 
S&T-related business development. 


*Both Texas and North Carolina also have other agencies with operat- 
ing funds. Texas only recently established a separate grants program after 
long years of opposition to such a centralized bureau. See Texas Higher 
Education Coordinating Board (1988). 

*See Alaska Science and Technology Foundation (1989). Lambright, 
Price, and Teich (forthcoming) report that the California office was estab- 
lished at least partly in response to the state’s having lost out on several 
national awards and competitions, including the NSF-sponsored Earth- 
quake Research Center, DOD’s Sematech, and DOE's Superconducting 
Super Collider. 
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Funds for R&D by State 


Two sources of data on state support of R&D (as op- 
posed to broader S&T activities) are available for the 50 
states, i.e.: 


© An annual survey of expenditures for R&D by aca- 
demic institutions, and 


© A survey of state agency R&D expenditures. 


Although they overlap to an unknown extent and use 
different methodologies, both of these indicators show 
growth in state support of R&D. Data on support for 
academic R&D also show increasing support by industry 
for R&D performed on the Nation’s campuses, one of the 
goals of states’ S&T policies.” 

Academic R&D. In the annual survey of expenditures 
for R&D by academic institutions, university offices of 
research administration report the source and amount of 
support for separately budgeted R&D performed on their 


"See also chapter 5, pp. 110-111. 


Text table 4-4. Change in academic R&D funded by 


industry, by state: 1978-87 
Academic § Changein 
R&D funded _state total 
by industry percentage 
Rank state 1978 1967 1978-87 
(Percent) 
(a) ©) (b - a) 
1 New Mexico............. 64 158 9.4 
De cciceeebébedobes 35 11.7 8.2 
3 Vermont................ 1.1 9.1 8.1 
4WMissouri................ 18 9.2 74 
5 Rhode island............ 1.7 8.2 6.5 
6 Washington ............. 3.5 9.0 5.5 
7 Alabama ............... 1.8 7.1 5.4 
6 Maine.................. 68 12.1 5.3 
9 Georgia ................ 53 104 5.0 
10 Arkansas ............... 3.0 8.0 5.0 
11 Nevada ................ 98 145 47 
12 Florida ..............55. 3.6 8.2 4° 
13 Montana ............... 60 106 46 
14 Mississippi .............. 2.7 72 46 
15 Maseachusetis .......... 41 8.3 42 
16 Pennsylvania ............ 59 10.1 42 
17 Calformia ............... 0.8 4.7 3.9 
18 indiana ................. 5.3 9° 28 
CMs bon e606 0600 66000 2.7 5.7 3.0 
20 Tennessee.............. 66 96 3.0 
21 North Carolina ........... 46 76 3.0 
22 Kansas ................ 29 5.8 29 
Average of ali states ....... 3.7 64 2.7 
See appendn table 4-26 
Science & Engineering indicators-— 1989 


campuses. Doctorate-granting institutions reported about 
$1 billion of support for R&D from state and local sources 
in 1987. (See appendix table 4-27.) 

These same data broken out by state reflect differing 
state resource patterns and show the effects of different 
institutional mixes in individual states. Eleven states ac- 
count for over 50 percent of total national! academic R&D 
expenditures from state and local sources.” (See appendix 
table 4-27.) These sources in Texas, with a strong tradition 
of direct funding of institutional activities, account for 11 
percent of the state’s total academic R&D and 9 percent of 
the national total of these funds. In contrast, in Califor- 
nia—whose total academic R&D expenditure is nearly 
twice that of Texas—state and local sources accounted for 
only 2.4 percent of the statc’s academic R&D performed in 
1987, reflecting the large Federal funding and the presence 
of large private research universities in that state which 
were less likely to receive state funding for R&D. Pennsyl- 
vania also ranks relatively low on this measure. 

Insofar as state S&T policy objectives include encour- 
agement of university-industry interactions, industry sup- 
port of university R&D may serve as one indicator of the 
success of those policies.” For all states combined, in- 
dustrial sources of support for academic R&D have grown 
faster than all other sources of support, increasing 179 


*These data show only state and local government sources of funds 
that are separately budgeted for specific projects. General university 
funds (GUF) used for academic R&D purposes are not included here. 

“See “Industrial Support of R&D at Specific Academic Institutions’ 
discussion in chapter 5. 


percent in constant dollars from 1978 to 1987. (See appen- 
dix table 4-27.) As a percentage of total R&D support on 
all of the Nation’s doctorate-granting campuses, industry 
sources of support increased from 4 percent to over 6 
percent. (See text table 4-4.) Some states experienced nota- 
bly larger increases in the proportion of their academic 
R&D from industrial sources. Many of these are states that 
rank low on total academic R&D expenditures, though 
greater than average increases have also occurred in sev- 
eral of the largest academic R&D-performing states, in- 
cluding Pennsylvania, Massachusetts, and Washington.” 

State Agency R&D Expenditures. NSF recently resur- 
veyed state agency R&Dexpenditures. (See appendix table 
4-27.) To ensure comparability with a similar survey con- 
ducted in 1977, the survey of 1987 and 1988 expenditures 
excluded academic R&D expenditures. (However, some 
portion of the reported state agency expenditures may be 
assumed to have gone to academic institutions.) 

Like the data reported above, total state agency expen- 
ditures for R&D from state sources of funds have increased 
overall, doubling between 1977 and 1988 to about $600 
million (in constant dollars). States varied widely on this 
indicator, with some states reporting declines in real dol- 
lars. As noted earlier in this section, a state’s political 
culture and history influence its reliance on state agencies 
to disburse R&D funds: some states appropriate most 
funds directly to institutions themselves, and this source 
of support for R&D is not reflected in these data. 


*Within states, however, individual institutions often account for 
much of the movement of these indicators. 
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Academic Research and Development: Support, 
Personnel, Outputs 


HIGHLIGHTS 


Funding for Academic R&D 


© The 1980s have been a decade of rapid growth in U.S. academic 
research and development (R&D). From 1980 to 1989, real 
growth (in constant 1982 dollars) in academic R&D 
expenditures averaged 4.9 percent annually; the esti- 
mated 1988-89 growth rate is 3.0 percent. Funding in- 
creased in current dollars from $6 billion in 1980 to an 
estimated $14 billion in 1989, reaching 10.5 percent of 
estimated total U.S. R&D expenditures in 1989. (See pp. 
107-108.) 


© The Federal share of academic R&D support has decreased, 
while the non-Federal share of academic R&D funding 
reached an estimated 41 percent in 1989. (See p. 108.) 


© Industry's share of academic R&D funding grew from 3.9 
percent in 1980 to an estimated 6.6 percent in 1989. While 
most of these funds go to the better known research 
universities, a number of smaller, more specialized, in- 
stitutions received over 20 percent of their total R&D 
funding from industry in 1987. (See p. 110.) 


Facilities and Instruments 


© U.S. research universities saw large increases in capital in- 

vestments in science and engineering (S/E) facilities during 

the 1980s, with expenditures reaching $1.8 billion in 1987. 

— expenditures for S/E plant and equipment grew 

4 annually in constant dollars between 1980 and 

compared with an average annual decrease of 9 

percent aewen 1970 and 1980. Growth was largely due 

to increased support from non-Federal sources. Num- 

bers of instruments available for academic R&D also 
increased during the 1980s. (See pp. 111-113.) 


Characteristics of Doctoral Researchers in 
Academic R&D 


© The number of doctoral scientists and engineers whose pri- 
mary or secondary work activity was academic R&D reached 
155,000 in 1987—a 65-percent increase over the number in 
1977. Twelve percent of the total were engineers, the 
same proportion as in 1977. The greatest growth rate 
was seen for computer/information specialists, whose 
numbers tripled to 3,500. Approximately one-third of 
the doctoral scientists and engineers are life scientists; 
this is the largest single group. (See p. 115.) 


© Women and minorities increased their percentages in the 
academic doctoral R&D workforce between 1977 and 1987, 
but whites still made up almost 90 percent of that workforce 
and white males 75 percent in 1987. Asians were 9 percent 
of the S/E doctoral workforce, and other minorities less 


than 2 percent. The proportion of women doctorates in 
academic R&D increased from 10 percent to 16 percent 
during the decade. (See pp. 115-116.) 


© Researchers in academic institutions or industry tend to con- 
tinue working in the same employment sector to a greater 
extent than researchers in the Federal Government or non- 
profit organizations, over periods of 2 to 14 years. Related 
data indicate that the largest turnover of S/E doctoral 
researchers into other work activities occurs during 
their first few years in research. (See pp. 118-119.) 


S/E Publication Data 


© In 1986, U.S. authors produced 36 percent of the world 
scientific literature, a proportion that has remained relatively 
stable since 1973 in the data base used for these analyses. The 
USSR, United Kingdom, and Japan were next in overall 
proportions of world scientific publications with 8 per- 
cent each. U.S. academic institutions produced 70 per- 
cent of the U.S. S/E literature in 1986, and about 25 
percent of the world S/E literature. (See p. 120.) 


© Multi-authored papers are on the rise, suggesting that in- 
dividual researchers are increasing their interactions. More 
than 30 percent of papers in 1986 had four or more 
authors, up from 15 percent in 1973. (See p. 120.) 


© U.S. researchers are increasing their publication of S/E ar- 
ticles with foreign authors. In 1986, 10.2 percent of publi- 
cations with at least one U.S. author were internationally 
coauthored, up from 5.6 percent in 1981. (See pp. 120- 
121.) 


© S/E researchers from industry are increasingly coauthoring 
papers with U.S. university researchers, suggesting a rise in 
cooperation between these two sectors. Ot articles with at 
least one industry author, 28 percent were coauthored 
with a university author in 1986; this was almost double 
the 1976 figure. (See p. 121.) 


® Citation patterns indicate that U.S. papers on average exert 
more influence on foreign researchers than foreign papers 
exert on U.S. researchers. (See pp. 122-123.) 


Patents and Products 


© Academic institutions are patenting more frequently. The 
number of university patents increased from an annual 
average of 492 in the early 1980s to 801 in 1988. Univer- 
sities received 2.0 percent of patents awarded to U.S. 
inventors in 1988, more than double the 0.9-percent 
university share in 1978. Four biomedical patent classes 
accounted for one-third of all patents awarded to uni- 
versities in 1988. (See pp. 123-124.) 


© Manufacturing industries depend substantially on academic 
research for development of new processes and products. The 
first empirical attempt to estimate the economic return 


Academic research and development (R&D) is a major 
part of the U.S. science and engineering (S/E) structure. It 
accounts for an estimated 10.5 percent of total R&D expen- 
ditures in the Nation and about half of U.S. basic research 
expenditures. There were 155,000 doctoral scientists and 
engineers in academic R&D in 1987, comprising 37 percent 
of the doctoral S/E workforce. Researchers in U.S. aca- 
demic settings publish 70 percent of the S/E articles that 
U.S. researchers publish and 25 percent of the world S/E 
literature. 

A major theme in this chapter is that academic R&D is 
becoming increasingly interactive. Of particular interest— 
giver. the current concern with accelerating the commer- 
cialization of university research findings—are the grow- 
ing numbers and types of interactions with industry. 
Growth in industrial funding of academic R&D and in 
numbers of industry-university coauthored publications 
provides evidence of increased contacts. 

This chapter addresses three major aspects of academic 
R&D: 


© Support: sources of funding and its allocation among 
recipients and disciplines, 


© Personnel: characteristics of academic doctoral re- 
searchers, and 


© Outputs: publications, patents, and commercial use of 
academic research findings. 


In some analyses, for example, those involving S/E 
publication patterns the discussion extends beyond the 
U.S. academic sector to encompass other sectors and other 
countries. 

The chapter opens with a discussion of trends in funding 
and support for academic R&D, particularly changes in the 
sources of support. The Federal Government is the major 
supporter of academic R&D, buta large amount of funding 
comes from other sources. Recent increases in funding for 
both facilities and instrumentation have improved these 
aspects of the academic R&D infrastructure, although 
large backlogs remain. New this year is a discussion of 
some of the problems faced by research libraries as already 
expensive S/E periodicals continue to increase in price. 

Discussion about the academic R&D workforce is lim- 
ited to scientists and engineers wit! doctoral degrees, since 
they are the major actors in academic science and engineer- 
ing research.' Trends in the growth of various disciplines 
and in the numbers of women and minorities in academic 
R&D fields are addressed. The chapter includes some 


‘Chapter 3 discusses the overall S/E workforce. 
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to from academic research found an annual so- 
cial rate of return of 28 percent for the seven industries 
studied. (See p. 124.) 


comparative data about doctoral scientists and engineers 
in nonacademic basic research. Also, for the first time in 
the Science & Engineering Indicators series, data are 
presented about retention rates for doctoral researchers in 
specific employment sectors and in research activities over 
time periods as long as 14 years. 

As the major research output of academic R&D, publi- 
cations receive detailed attention. Coauthorship data 
show increasing cooperation in research activities among 
individuals, employment sectors, and countries. Citation 
patterns provide information about the amount of atten- 
tion that researchers from particular sectors and countries 
give to other researchers. As part of a new analysis of 
citations, the chapter includes citation data for some in- 
dividual countries. 

Data on another output of academic R&D—patents— 
show that university patenting is increasing, a finding 
consistent with the increasing cooperation between uni- 
versities and industry. On a related topic, a recent study 
shows that academic R&D has contributed substantially to 
new commercial products and processes in some indus- 
tries. 


ACADEMIC RESEARCH AND 
DEVELOPMENT: SUPPORT 


In 1989, the U.S. spent an estimated $13.9 billion for R&D 
at academic institutions.’ (See figure 5-1 and appendix 
table 5-1.) This expenditure continues a gradual 20-year 
trend, as rising proportions of total national R&D expen- 
ditures are allocated to academic R&D: in 1969, 8.7 pe’cent 
of such expenditures went to academic R&D, compared 
with an estimated 10.5 percent in 1989.4 Of 1989 academic 


*Data in this chapter come from several different National Science 
Foundation (NSF) surveys that do not always use comparable definitions 
or survey methodologies. For example, the survey on which the publica- 
tion Federal Support to Universities and Colleges and Selected Nonprofit 
Institutions (NSF, 1988c) is based obtains information on Federal “‘ob- 
ligations” to universities and colleges directly from Federal funding 
agencies. By contrast, the survey on which Academic Science/Engineering: 
R&D Funds is based (NSF, 1989c) obtains data directly from the univer- 
sities and colleges on their R&D “expenditures.” The results do not 
exactly match with Federal obligations. 

For descriptions of the methodologies of these and selected other Na- 
tional Science Foundation surveys, see NSF (1987b). 

‘In this section, academic institutions generally comprise institutions 
of higher education that grant doctorates in science or engineering 
and /or spend at least $50,000 for separately budgeted R&D (NSF, 1989c). 
Federally funded research and development centers associated with 
universities are tallied separately; these are discussed in chapter 4. 

‘Chapter 4 discusses patterns of national R&D expenditures. 


R&D expenditures, an estimated 68 percent went for basic 
research, 25 percent for applied research, and 6.3 percent 
for development. 

In constant 1982 dollars, academic R&D increased an 
estimated 54 percent between 1980 arid 1989. R&D growth 
during the 1985-89 period is expected to be stronger for the 
academic sector than for any other economic sector. How- 
ever, the annual rate of growth for academic R&D in 
1988-89 is estimated at 3.0 percent, down from an es- 
timated 4.9 percent during 1980-89.° 


Support by Sector 


The Federal Government provides the majority of funds 
for academic R&D, but other sources have been contribut- 
ing increasing proportions in recent years.® (See figure 
O-20 in Overview and appendix table 5 2.) In 1989, the 
Federal Government provided an estimated 59 percent of 
the funding for R&D performed in academic institutions; 
this was down considerably from 72 percent in 1969. Aca- 
demic institutions that perform the R&D provide the 


*NSF (1989b). 
*Academic R&D is essentially funded via grants, contracts, and co- 
operative agreements. Funding usually includes expenditures for non- 


fixed equipment. 


second largest share. Over the 1969-89 period, the institu- 
tional share has grown from 10 percent to an estimated 18 
percent.’ Industry increased its share to an estimated 6.6 
percent in 1989, while state and local governments sup- 
ported about 8 percent of academic R&D throughout the 
1980s. 

Private and public universities differ in their major sour- 
ces of R&D support. For public academic institutions, 34 
percent of R&D funding in 1987 came from state and local 
funds and institutional funds; private academic institu- 
tions received only 11 percent of their funding from these 
sources. (See appendix table 5-3.) Between 1980 and 1987, 
the Federal share of support decreased for both public and 
private institutions, dropping from 61 percent to 53 per- 
cent (public institutions) and from 79 percent to 74 percent 
(private institutions). 


’Institutional funds are those an institution spends on R&D, including 
unreimbursed indirect costs associated with R&D projects financed by 
outside organizations and mandatory cost sharing on Federal and other 
grants. Sources of these funds are (1) general-purpose state or local 
government appropriations; (2) general-purpose grants from industry, 
foundations, or other outside sources; (3) tuition and fees; and (4) endow- 
ment income. See NSF (1989c). 


U.S. basic research 


Figure 5-1. 
Academic and national R&D expenditures by character of work and performer: 1969 
(Percent) U.S. R&D Academic R&D 
$132 billion $13.9 billion 


Note: Data are estimates. 
See appendix table 5-1 and chapter 4. 


$18.6 billion 
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Federal Support for Academic R&D 


Federal Support for Academic S/E Activities. Before 
discussing Federal patterns of academic R&D funding, it 
is useful to understand where academic R&D fits in the 
overall scheme of Federal support for academic S/E ac- 
tivities.* Federal funds provide support for the following 
academic S/E programs: 


¢ R&D plant (facilities and equipment); 
® Facilities and equipment for instruction; 


* Graduate student fellowships, traineeships, and 
training grants; 


® General support for S/E research and education, 
without precise specification; and 


¢ Other S/E activities, such as technica! conferences, 
undergraduate activities, and teacher institutes. 


Approximately 15 Federal agencies provided over 95 
percent of S/E funds obligated to academic institutions for 
these various purposes in 1987. 

In 1987, about 85 percent of Federal obligations for 
academic S/E were for R&D, in contrast to 66 percent in 
1971. (See appendix table 5-4.) Fellowships, R&D plant, 
and general S/E activities each accounted for about 3 
percent of total Federal academic S/E obligations in 1987; 
“other’’ activities accounted for about 6 percent. (See fig- 
ure 5-2.) 

Changes over time in the amounts of Federal support 
for various types of S/E programs may reflect shifts in 
pry cy and priorities. R&D was the only area of academic 

E where Federal funding increased (in constant 1982 
dollars) during the 1970s.'° However, support programs 
for women and minorities continued during the 1970s, and 
various types of support were devoted to such rapidly 
developing disciplines as computer science, materials re- 
search, and biotechnology. In contrast, a period of strong 
Federal support for graduate training ended around 1970. 
Between 1971 and 1980, Federal support for graduate re- 
search fellowships and traineeships declined by 75 per- 
cent, and, unlike support for other Federal S/E programs, 
did not recover during the 1980s." 

The Reagan Administration formulated a positive pol- 
icy towards academic S/E support in 1983, as reflected in 
the subsequent S/E funding pattern. Large recent in- 
creases in Federal funding for facilities (over 100-percent 
increase in 1987 compared with 1986) partially reflect 


*Data on types of Federal funding for S/E activities come from a survey 
of the 15 Federal agencies most heavily involved in S/E su to 
academic institutions. See NSF (1988c) for the methodology used in the 
survey. Findings regarding Federal funding for other R&D-performing 
institutions, such as private foundations, exhibitors, and trade associa- 
tions, also can be found in NSF (1988c). 

*Federal support of S/E facilities and equipment for R&D and instruc- 
tion are discussed under “Academic R&D Facilities and Instrumen- 
tation’; see pp. 111-13. 

"For a detailed history of R&D during the Reagan Administration, see 
Teich and Gramp (1988). 

"'A concomitant rise in graduate research assistantships, included in 
these data under “R&D,” has partly filled this gap. See chapter 2. 
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special line-item budgetary appropriations inserted by 
Congress for specific academic institutions." 

Support of Academic R&D by Federal Agencies. Fed- 
eral obligations for academic R&D are increasingly con- 
centrated in three agencies: the National Institutes of 
Health (NIH), NSF, and the Department of Defense 
(DOD). Together, these agencies provided an estimated 80 
percent of total Federal financing of academic R&D in 
1989, up from 66 percent in 1969. (See appendix table 5-5.) 
NIH, NSF, and DOD, as well as the National Aeronautics 
and Space Administration (NASA), are each estimated to 
have experienced between 3-percent and 5-percent aver- 
age annual growth (constant 1982 dollars) in their funding 
of academic R&D during the 1980s. NIH was estimated to 
have provided almost 50 percent of all Federal support for 
academic R&D in 1989; the NSF share was estimated at 17 
percent. DOD, after increasing its share of Federal support 
from 9 percent in 1977 to 16 percent in 1986, declined to an 
estimated 14-percent share in 1989. 

University-Administered Federally Funded Research 
and Development Centers. During World War Il and in 
the postwar period, several Federal agencies with 


"See Cordes (1989). 


Figure 5-2. 
Changes in Federal support for academic science 


and engineering, by type of activity 
(Average annual percentage chanye in constant 1982 dollars) 
3 30 2 20 15 10 6 0 &§ 0 6 © 2@ 
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Federal academic S/E obligations: 1967 
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Value is 0.1. 
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specialized missions established R&D organizations 
called federally funded R&D centers (FFRDC), which they 
continue to support today.'* In 1989, universities ad- 
ministered 18 of the 36 FFRDCs; these 18 FFRDCs received 
an estimated $3.6 billion in 1989 Federal obligations for 
R&D. This transfer of $3.6 billion from Federal agencies to 
university-affiliated FFRDCs for R&D represents a uni- 
que—if indirect—form of Federal support to science and 
engineering at U.S. universities. Researchers at university- 
affiliated FFRDCs often include faculty, academic non- 
faculty, and graduate students, thereby providing oppor- 
tunities for extensive interactions between researchers at 
FFRDCs and at universities. 


Distribution of R&D Funds Among Specific 
Academic Institutions 


Most academic R&D is concentrated in relatively few 
institutions. Of 3,400 higher education institutions in the 
U.S.,'* the top 20 of them spent 35 percent of total academic 
R&D funds in 1987, and the top 100 institutions spent 83 
percent of the total funds. (See text table 5-1 and appendix 
table 5-6.) 


Industrial Support of R&D at Specific 
Academic Institutions» 


Industry now supports over 6 percent of total academic 
R&D. While most of the industrial funds go to large, 
recognized research institutions, about a dozen academic 
institutions with relatively small R&D expenditures get 
more than 20 percent of their R&D funding from industry. 


"See chapter 4. 

“The Carnegie Corporation classified 3,400 degree-granting institu- 
tions as higher education institutions in 1987. They include 4-year col- 
leges and universities, specialized schools such as medical and law 
schools, 2-year community and junior colleges, and a few specialized 
institutions. Not included are more than 7,000 other postsecondary in- 
stitutions (secretarial schools, auto repair schools, etc.). 

The corporate contributions to R&D may be understated in these data, 
since schools do not uniformly record and report corporate contributions. 


Text table 5-1. Distribution of R&D funds among 


academic institutions: 1987 
Millions 
of Percentage 

Rank dollars of total 
Allinstitutions .................... 12,082 100 

REE sa bb hstdewescdescscucie 2,560 21 

GL SS er Pere ee 4,233 35 

SE c4425 kw kdheeesess codes 7,293 60 

SEY: hk dhe E64 O8SK0 o dee cave 9,981 83 
See appendix table 5-6 

Science & Engineering indicators— 1989 


110 


These funding patterns partly reflect relationships that 
have developed between individual firms and schools. 

In 1987, industry provided almost $800 million for aca- 
demic R&D. Of the top 200 institutions ranked by their 
total academic R&D expenditures in 1987, the top 25 
schools together received $260 million from industry, or 
30 percent of the total support contributed by industry. 
The bottom 25 schools received $19 million, or 2.4 percent 
of total industry funds. The top 25 schools averaged $10.4 
million each in industrial support; the lowest 25 schools 
averaged $0.8 million each. (See text table 5-2 and appen- 
dix tables 5-6 and 5-7.) 

This distribution of industry funds follows an expected 
pattern. A more surprising finding is that industry was 
responsible for an average of 11.5 percent of the total R&D 
expenditures for the schools in ranks 176-200 in 1987, 
compared with a 5.5-percent share of the total R&D funds 
for the top 25 schools. Among the lower ranked academic 
institutions receiving relatively larger proportions of their 
R&D from industry, specialized smaller institutions tend 
to appear more often. These are often institutions with one 
R&D specialty that is closely linked with local industry. 

Between 1980 and 1987, the number of schools receiving 
over 10 percent of their academic R&D support from in- 
dustry increased from 24 to 49.’ This increase may in part 
result from more institutions having separately reported 
industrial support data in 1987 than in 1980. (See text table 
5-2.) 

The increasing industry support for academic R&D may 
reflect increasing amounts of cooperative research activity 
between the two sectors. This conclusion is consistent with 
findings of increased industry-university coauthorship of 
research papers, discussed later in this chapter. 


Academic R&D Expenditures by Field and 
Funding Source 


The distribution of Federal and non-Federal funding of 
academic R&D in 1987 varied by field and subfield. (See 
appendix table 5-8.) For example, the Federal Government 
supported 66 percent of academic R&D expenditures in 
the medical sciences, but only 26 percent of academic R&D 
in the agricultural sciences; this latter figure reflects the 
traditionally strong role of states in supporting the agricul- 
tural sector." 

The majority of academic R&D expenditures in 1987 
went to the life sciences, which accounted for 54 percent 
of total academic R&D expenditures, 52 percent of Federal 
academic R&D expenditures, and 56 percent of non- 
Federal academic R&D expenditures. (See appendix table 
5-9.) The next largest block of academic R&D expenditures 
was for engineering, which had a 16-percent share in 1987. 

Between 1977 and 1987, academic R&D expenditures for 
all fields combined grew at an average annual rate of 


"See NSB (1982), pp. 8-9. 

"Of the $4.8 billion in non-Federal support for academic R&D in 1987, 
18 percent went for agricultural sciences. The only subfield receiving a 
larger share of the non-Federal support for academic R&D was the 
medical sciences, with 21 percent. Only 4 percent of total Federal 
academic R&D funding was for agricultural sciences. (See discussion of 
state support for R&D in chapter 4.) 


Text table 5-2. industrial funding of academic R&D, by level of R&D 
expenditures: 1960 and 1987 
Number of academic 
institutions with >10% of Average percent of total 
their total R&D derived § R&D funding derived 


from industry’ from industry’ 

Rank of academic 

institutions by total R&D 

1980 1987 1980 1987 
——— Number Percent ——— 

SE ee 24 49 46 6.7 
RE a a ee 2 2 44 5.5 
Es bere 2 5 4.4 6.7 
Si es ee owes 2 3 3.8 5.6 
SS ee 1 7 4.6 7.3 
Be eas 3 8 5.5 9.4 
SS 4 6 5.9 7.6 
en en ok oa c og6es 2 7 5.6 9.9 
Se 8 11 11.4 11.5 


‘Omits data from institutions not separately reporting industrial R&D funding and from institutions 
reporting no industrial support. Omitted 32 institutions in 1980 and 11 in 1987. 


?Ranking is derived by sorting institutions into groups of 25, from highest R&D expenditures to lowest. 


See appendix table 5-7. 


5.4 percent in constant 1982 dollars. From 1986 to 1987, the 
rate increased to 7.1 percent. (See figure O-21 in Overview 
and appendix table 5-9.) Funding for computer science 
grew fastest during the decade, increasing at an average 
annual rate of 14 percent in constant dollars. R&D expen- 
ditures for computer science in 1987 were about 3 percent 
of total academic R&D. Engineering grew second fastest 
during the decade, at an average annual rate of 8 percent; 
for 1986 to 1987, the rate increased to 11 percent. Mathe- 
matical sciences, with 1.5 percent of 1987 academic R&D 
expenditures, grew third fastest, at an average annual rate 
of 7 percent between 1977 and 1987. 

At the other end of the growth scale, the social sciences 
have barely increased in academic R&D expenditures 
since 1977, averaging annual increases of 0.5 percent in 
constant 1982 dollars and accounting for 4 percent of 1987 
academic R&D funding. 


Academic R&D Facilities and Instrumentation'® 


The country’s research universities have experienced 
large increases in investment in academic R&D facilities 


'*Data on facilities and instrumentation are taken primarily from the 
following three sources: 


© Academic Science/Engineering: R&D Funds, Fiscal Year 1987. The term 
facilities as used in this survey stands for capital investment expen- 
ditures for S/E research or instruction at those universities and 
colleges spending $50,000 or more annually on separately budgeted 
R&D. See NSF (1989c). 
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and instrumentation during the 1980s.'? Recent surveys 
indicate that, after an extended period of decreased sup- 
port, steps are now being taken to meet needs in these 
areas. 

While the terms ‘‘facilities’’ and ‘equipment’ are de- 
fined specifically for each survey, in general, facilities come 
out of capital funds, are fixed items such as buildings, often 
cost millions of dollars, and are not included within R&D 
expenditures. Equipment and instruments, on the other 
hand, usually are movable, purchased with current funds, 
and included within R&D expenditures. Because the cate- 
gories are not mutually exclusive, some large instrumen- 
tation systems could be classified as either facilities or 
equipment. 

Facilities. Inaddition tothe $12.1 billion that academic 
institutions spent for separately budgeted R&D activities 
in 1987, $1.8 billion was disbursed for capital investment 
in S/E facilities and fixed equipment to be used for R&D 
and instruction. In constant dollars, this represented an 


© Scientific and Engineering Research Facilities at Universities and Colleges: 
1988. Facilities are physical plant, including infrastructure (power), 
fixed equipment (benches, fume hoods), and nonfixed equipment 
costing more than $1 million. The survey also includes information 
on R&D space. See NSF (1988a), p. D-4 for definitions. 

© Academic Research Equipment in Selected Science/Engineering Fields: 
1982-85 to 1985-86. Equipment with an original purchase price of 
$10,000 to $1 million was included in this survey of academic depart- 
ments covering the major S/E disciplines. See NSF (1988b), p. A-11 
for definitions. 

"The terms ‘instrumentation’ and ‘‘equipment’’ are used inter- 

changeably. 
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increase of 14 percent over 1986; the 1986 figure had in turn 
been an increase of 18 percent over 1985. 

Total capital expenditures for academic S/E facilities 
(plant and fixed equipment) increased during the 1980s at 
an average annual rate of 7 percent in constant 1982 dol- 
lars. As noted above, recent increases have been even 
greater. (See figure 5-3 and appendix table 5-10.) Among 
the S/E fields, engineering has enjoyed the highest rate of 
growth—an average of 18 percent per year in constant 
1982 dollars since 1980. Mathematical / computer sciences 
were second with 9-percent average annual growth be- 
tween 1980 and 1987. (See appendix table 5-11.) By con- 
trast, average annual increases between 1980 and 1987 
were 0.3 percent for the environmentzl sciences and 2 
percent for social sciences. 

Non-Federal sources provide most of the funds for capi- 
tal expenditures. Their proportion has been increasing— 
71 percent in 1970, 81 percent in 1980, 92 percent in 1987. 
Non-Federal sources, which include state and local gov- 
ernments, special bonds, donations, and other sources, 
grew an average of 9 percent per year in constant 1982 
dollars between 1980 and 1987. Between 1985 and 1987, 
Federal spending for academic R&D facilities increased 
more than 50 percent in constant dollars, while non- 
Federal sources increased 33 percent. 

Construction costs of academic S/E research facilities 
are expected to reach $3.4 billion in current dollars in 
1988+1989, up from $2.1 billion in 1986+1987.” Between 


Data are aggregated into 2-year units because the data are more stable 
and some data were only available aggregated for 1988 and 1989. See NSF 
(1988b). See also a parallel report on biomedical research facilities, NIH 
(1989). 


Figure 5-3. 
Federal and non-Federal capital fund expenditures 
for academic S/E: 1964-87 

(Constant 1982 dollars in billions } 
3.0 
28 + “ 
26 + 4 
24 F _ 
22 FF ~ 
20 - -~ 
18 OF ~ 
16 + 4 
14 = 
12 F - 
10 - 
08 - 
06 F = 
04 ~ 
0.2 a = 


= oe oe ' 


76 ‘78 ‘80 ‘82 ‘84 ‘86 87 


1964 66 68 #70 ‘72 ‘74 


‘GNP implicit price defiators were used to convert dollars to constant 
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1986 and 1989, these construction projects were expected 
to increase existing research space by 22 million square 
feet, an increase of 19 percent over space available in 1985. 

New construction projects are increasingly expensive: 
in 1986+1987, for example, the cost of new academic R&D 
space in current dollars was $206 per square foot, com- 
pared to $287 per square foot in 1988+1989. (See appendix 
table 5-12.) Factors contributing to the markedly increased 
costs of facilities construction include the need for better 
data-handling capabilities as well as more stringent stan- 
dards for animal facilities, toxic waste disposal, and bio- 
hazard control. 

Despite the increased funding, there is a large estimated 
construction backlog as well as a backlog of academic 
research facilities that need renovation and repair.?' In- 
stitutions are deferring an estimated $2.50 for every $1.00 
of construction that was planned through 1989. They are 
also deferring about $3.60 in needed renovation and repair 
for every $1.00 spent.” 

Instrumentation. Throughout the 1980s, U.S. aca- 
demic institutions have invested heavily in R&D instru- 
ments. Results of a survey of academic research equipment 
in selected fields showed that approximately 40 percent of 
all instrument systems in research use in 1985/86 had been 
acquired in the previous 3 years, and about 25 percent of 
instrument systems in use in 1982/83 had been retired 
from research by 1985/86.” The median age of the national 
stock of instruments (both in-use and not in-use) in 
1982/83 and 1985/86 was 5 years. However, the median 
age of state-of-the-art instruments was 2 years, indicating 
the rapid pace of technological change in research in- 
strumentation. 

In general, current fund expenditures* for academic 
research instrumentation have grown in the 1980s, except 
during the 1981-83 recession.” (See appendix table 5-13.) 
Annual growth during the 1980s averaged 8 percent for 
Federal support and 10 percent for non-Federal support in 
constant 1982 dollars. Federal support accounted for about 
two-thirds of total current fund expenditures for academic 
research equipment during the 1980s; this percentage var- 
ied widely among individual fields, however. 

Funds for instruments for computer science and math- 
ematical sciences grew fastest, each increasing in constant 
1982 dollars by a factor of about four since 1980. Equip- 
ment funds for all other S/E fields combined increased by 


*' Association of Physical Plant Administrators (1989); NSF (1989d); and 
NSF (1988a). 

In response to this long-term problem, Congress passed the Academic 
Research Facilities Modernization Act of 1988 authorizing NSF to set up 
a competitive grant program for the repair, renovation, and, in excep- 
tional cases, replacement of academic research facilities. NSF (1989d). 

*Data for the physical sciences, computer science, and engineering 
were collected for 1982 and 1985; data for the agricultural, biological, and 
environmental sciences were collected for 1983 and 1986. Therefore, data 
from this survey refer to 1982/83 data and 1985/86 data. See NSF (1988b). 
Unless otherwise noted, data are for instruments costing from $10,000 to 
$1 million. 

Current funds—as opposed to capital funds—are those in the yearly 
operating budget for ongoing activities. Generally, academic institutions 
keep separate accounts for current and capital funds. 

Data used here are limited to funds for research instrumentation and 
do not include funds for instructional equipment. 


less than a factor of two. Funds from non-Federal sources 
for social sciences instrumentation increased an average of 
3.5 percent annually between 1980 and 1987, but this in- 
crease did not fully offset an average annual 6-percent 
decrease in Federal funding. Taking all fields together, 
current fund expenditures for purchasing instruments 
grew more slowly between 1986 and 1987 than between 
1983 and 1986. 

A special survey of academic departments to obtain 
information on instruments in selected fields shows in- 
creases in expenditures and in numbers of instruments. 
Between 1982/83 and 1985/86, the number of in-use aca- 
demic R&D instrument systems costing between $10,000 
and $1 million increased almost 50 percent—from 36,300 
to 53,900—in the fields surveyed.” (See appendix table 
5-14.) 

The average price (corrected for inflation) of in-use in- 
strument systems remained at about $36,000 between 
1982/83 and 1985/86. The aggregate purchase price for 
these instruments increased from $1.3 billion in 1982/83 to 
$1.9 billion in 1985/86, corrected for inflation.” The most 
notable change was a 22-percent decrease in the average 
price of the in-use stock of instruments in computer sci- 
ence, dropping from $58,000 to $45,000. 

Costs of purchasing and repairing instruments, cor- 
rected for inflation, increased between 1982/83 and 


*The total national stock of instruments includes instrument systems 
purchased but not yet in use, in-use instruments, and inactive or in- 
operable but not discarded systems. Total national stock increased from 
46,500 instruments to 62,200 instrument systems between 1982/83 and 
1985 /86. Of the 62,200 instrument systems, 2 percent were purchased but 
not yet in use, and 15 percent were inactive or inoperable. See NSF (1988b) 
for further breakdowns of these data. 

The aggregate purchase price for all systems (in-use and not in-use) 
costing between $10,000 and $1 million was $1.6 billion in 1982/83 and 
$2.2 billion in 1985/86, corrected for inflation. In addition, there was 
another $0.7 billion in 1982/83 and $1.1 billion in 1985/86 worth of large 
instrument systems, generally over $1 million each; most of these systems 
were for general-purpose research computer centers and high-energy 
physics systems. These large systems are not discussed here or included 
in totals. 


1985/86. (See appendix table 5-15.) Expenditures for pur- 
chasing new or used equipment increased by 48 percent, 
with such purchases accounting for 75 percent of total 
instrument costs in 1985/86. Maintenance and repair costs 
increased 26 percent, and accounted for 16 percent of 
departmental instrument-related expenditures in 
1985/86. In contrast, expenditures for research-related 
computer services declined substantially during the 3-year 
interval. 

Supercomputer Installations. Supercomputer installa- 
tions are an indicator of a country’s ability to do certain 
types of advanced research. The U.S. leads the world in 
numbers of supercomputer installations with 272 at the 
end of 1988. U.S. universities have about 20 percent of 
these U.S. supercomputers, with the remaining 80 percent 
divided evenly between industry and government. (See 
text table 5-3.) U.S. supercomputing capability has grown 
rapidly, increasing by 69 percent between 1986 and 1987, 
and by 33 percent between 1987 and 1988. 

With 172 installations, Japan is second among world 
countries in number of supercomputer installations. In 
contrast to the distribution in the U.S., the Japanese in- 
dustrial sector accounts for almost three-quarters of the 
country’s supercomputer installations. U.S. manufactur- 
ers provided about 40 percent of the supercomputer fa- 
cilities available in Japan in 1988; Japanese manufacturers 
provided the remaining 60 percent.¥ 


Library Costs for Serials” 


Like facilities and instrumentation, libraries are crucial 
to maintaining academic R&D capability. The rapidly in- 


8 As of 1988, based on cumulative data, U.S.-manufactured supercom- 
puters were distributed around the world as follows: U.S., 52 percent; 
Japan, 14 percent; other countries, 34 percent. 

e terms “serials” and “periodicals” are used interchangeably. The 
term chosen is the one used by the source of the information being 
discussed. 


Text table 5-3. Cumulative number of supercomputer installations 
in Japan and the U.S.: 1983-88 
Japan United States' 
Total Universities Government industry Total Universities Government industry 
Ra 5 2 0 3 46 3 23 20 
Pe ee 13 3 3 7 53 5 26 22 
SS oot 27 6 6 15 89 14 39 36 
ane a 58 14 9 35 121 14 57 50 
BASSE 121 24 13 84 204 36 79 89 
DN Gs ncdiassbine<s 172 33 15 124 272 57 107 108 


‘Data are for U.S. vendors only; they have provided almost ali supercomputers used in the U.S. 
Note: These data are somewhat uncertain because definitions of supercomputers change and because some installations counted here are no longer in use. 
SOURCES: United States: NSF , Division of Advanced Scientific Computing; Japan: Tokyo Office of the U.S. NSF, Report Memorandum #184, August 10, 1989. 
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creasing costs of serials—especially in the areas of science, 
technology, and medicine—have put financial pressure on 
research libraries and generated concern throughout the 
scientific community.” 

Costs Highest for Science Serials. Periodicals in the 
sciences, technology, and medicine tend to be more expen- 
sive than serials in most other fields. (See appendix table 
5-16.) For example, the average 1989 subscription price 
was $308 for the 10 library categories of science, compared 
with $140 for the 10 categories of social science.*' These 
prices were based on a data base of approximately 55,000 
domestic and foreign titles. A different data base, consist- 
ing of a fixed set of 3,900 domestic periodicals, shows that 
science-related periodicals have increased in price during 
the 1980s more rapidly than periodicals in other fields. 

Costs of Foreign Periodicals Also Rise. Prices of serials 
published in foreign countries have increased rapidly, 
partly because of the weakening dollar compared to for- 
eign currencies. This increase, however, may have tem- 
porarily slowed. The average 1-year subscription rate for 
foreign titles (all fields) increased 3 percent between 1988 
and 1989, compared with 17 percent and 19 percent for the 
two previous annual intervals.* In 1989, average subscrip- 
tion prices (all fields) of U.S. and foreign serials were 
similar: $148 for domestic titles and $143 for foreign titles. 

High Costs Require Hard Choices. As a major source 
of information about university research libraries, the As- 
sociation of Research Libraries (ARL) has issued a report 
that relates the pricing policies of several major scientific 


“See Kingson (1989); Kalfus (1989); and Koshland (1989). 
"Young (1989). 

“Young and Carpenter (1989). 

Young (1989). 


publishers to increases in serials prices.“ Between 1986 
and 1988, expenditures for total serials at the ARL member 
libraries (107 university research libraries and 12 inde- 
pendent research libraries) increased 30 percent, but the 
number of current serials remained constant and numbers 
of monographs (books) purchased were cut by 15 percent. 
ARL does not have data to indicate whether prices of 
science-related serials were a major factor behind these 
findings. 

Current serials have remained about 20 percent of ex- 
penditures at ARL libraries throughout the decade in the 
median university library.” However, overall library ex- 
penditures have been increasing faster than inflation dur- 
ing the decade. In the 1980s, library investment in auto- 
mation and communication equipment has been a factor 
in these increasing costs. 


DOCTORAL SCIENTISTS AND ENGINEERS 
ACTIVE IN RESEARCH 


This section describes characteristics of doctoral scien- 
tists and engineers who work in academic institutions and 
whose primary or secondary work activity is R&D (basic 
research, applied research, or development).* Data about 


“See ARL (1989b). The report also observes that the increased size of 
many journals affects prices. 

“See ARL (1989a). 

*Data in this section come from the Survey of Doctorate Recipients 
conducted biennially by the National Research Council (NRC) for NSF. 
In this section, “academic institutions” refer to 4-year colleges, univer- 
sities, and medical schools, as identitied by the respondents. Federally 
funded research and development centers comprise all FFRDCs. 

A recent broad assessment of the National Science Foundation’s sur- 
veys of scientists and engineers (NRC, 1989) has noted limitations of this 
doctorate survey and has recommended improvements. 


Examples of Library Expenditures for Science Serials 
The price increases in science-related serials are of 


expenditures 
there are no national data on 
tures for science-related and other 


Several studies are under way to address this data 
need. Results that science-related serials con- 
stitute over 50 percent of the current serials budgets of 
typical research libraries. 


eA 7 at the University of Nebraska at Lincoln 
that 67 percent of serials expenditures for 

1988/89 were in the science, ture, technol- 
ogy, and medical categories, while these four cate- 
gories accounted for a much lower 45 percent of the 
number of serials . Information provid- 
ed by Kent Hendrickson, Dean of Libraries of the 


University of Nebraska, Lincoln; personal com- 
munications, August 1989.) 
(Dean Hendrickson also reported that og 


tures wey science-related serials constituted be- 
tween 58 percent and 67 percent of serials expendi- 
tures at his libraries between 1980 and 1987. 
Cancelled subscriptions to current serials during 
that period totaled $250,000 out of an annual cur- 
rent serials budget of about $2 million.) 


© Louisiana State University also spent more than 
half (55 percent) of its 1985/86 serials budget for 
science-related serials. (Information provided by 
Charles Hamaker, Louisiana State University; per- 
sonal communication, August 1989.) 

¢ In analyzing serials prices, nine Midwestern aca- 
demic research libraries found that 72 percent of 
serials whose subscriptions cost $200 or more were 
in the science, agriculture, technology, and medical 
categories. Those four categories accounted for 

over 85 percent of the expenditures for the $200- 

plus subscriptions at these libraries. 
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the overall doctoral basic research workforce are included 
to provide a perspective on academic basic researchers. 
The discussion is limited to doctoral researchers because 
they have major roles in academic R&D activities. 


Numbers of Academic Researchers in Various Fields 


In 1987, there were 155,000 doctoral scientists and en- 
gineers whose primary or secondary work activity was 
academic R&D.” (See appendix table 5-17.) They repre- 
sented 37 percent of employed S/E doctorates in the Unit- 
ed States in 1987. Scientists made up 88 percent and en- 
gineers 12 percent of the total; these proportions were 
about the same as in 1977. (See figure 5-4.) Life scientists 
were the largest single group of doctoral scientists and 


“The 1987 survey question on primary and secondary work activity 
reads: “From the activities listed below, select your primary and secon- 
dary work activities . . . in terms of time devoted during a typical week.” 
Because many faculty members who devote substantial time to R&D 
often consider another activity (for example, teaching) to be their primary 
work activity, those survey respondents who selected academic R&D as 
their primary or secondary work activity are included here. Inclusion of 
both sets of respondents results in approximately twice as many as when 
only primary work activity respondents are counted, and ensures that all 
individuals involved in academic R&D are counted. 

Data in some of the appendix tables differ from the comparable data in 
Science & Engineering Indicators—1 987 because the latter used a somewhat 
different set of respondents. 
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See appendix table 5-17. Science & Engineering indicators— 1989 
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engineers in academic R&D in 1987, constituting 34 per- 
cent of the total. 

The numbers of doctoral scientists and engineers in 
academic R&D increased by 65 percent during the 1977-87 
decade. Growth appeared to be esp cially rapid between 
1985 and 1987.* (See figures 5-5 and 5-6 and appendix table 
5-17.) Over the 1977-87 decade, the highest rate of increase 
occurred among computer scientists, whose numbers 
tripled from 1,200 to 3,500. 

Women in Academic R&D. While women increased 
their percentages in all fields of academic R&D in recent 
years, some fields still have relatively few women. (See 
figure 5-7 and appendix table 5-18.) Overall, the percent- 
age of women doctoral scientists and engineers in aca- 
demic R&D increased from 10 percent in 1977 to 16 percent 


*The 1987 wording of the survey question about work activity involv- 
ing basic research and applied research differed slightly from that in 1985. 
The 1987 survey defined basic research as “study directed toward gaining 
scientific knowledge primarily for its own sake.” Applied research was 
“study directed toward gaining scientific knowledge in an effort to meet 
a recognized need.” Earlier surveys had noclarifying definitions. Because 
of this difference, data from the 2 years may not be exactly comparable. 
However, a similar sharp increase between 1985 and 1987 was seen in 
numbers of academic R&D researchers when the responses were an- 
alyzed only by primary work activity. In the analysis by primary work 
activity, half of the increase was accounted for by decreases in the “other” 
and “teaching” categories; the remainder was accounted for by the 
increase in total doctorates employed in academic S/E, all of whom 
apparently went into R&D. A similar analysis was not available for 
primary and secondary work activities combined. 
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in 1987. In the fast-growing computer science field, the 
proportion of women increased from 5.3 percent in 1977 
to 10 percent in 1987. Among the social sciences, which 
also grew rapidly during the decade, the proportion who 
were women increased from 12 percent in 1977 to 20 

t in 1987. The proportion of women doctorates in 
academic R&D in the various fields approximately reflects 
their representation in the doctoral S/E workforce in those 
fields.” 

Minorities in Academic R&D. Whites still make up 
almost 90 percent of the academic R&D workforce, al- 
though racial minorities and Hispanics increased their 
representation during the 1977-87 decade.” Except for 
Asians, however, overall percentages of minorities in aca- 
demic R&D remained below 2 percent in 1987. (See appen- 
dix table 5-18.) Blacks increased their overall percentage in 
academic R&D from 0.8 percent to 1.4 percent during the 
decade. In 1987, they were more heavily represented in the 
social sciences and the life sciences than in other fields. 

Black women showed especially interesting gains. In 
1987, 31 percent of black doctoral scientists in academic 


*See chapter 3 for the distribution of women doctorates by field in the 
total S/E workforce. 
“Hispanics include members of various racial groups. 
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R&D were women.*' This figure is substantially higher 
than the 18-percent figure for Asians and for whites. (See 
figure 5-7.) This higher representation of black women was 
also evident in 1977. The number of black women doctoral 
scientists increased from 131 to 611 over the 10-year 
period, an almost fivefold increase; the number of black 
men scientists doubled, reaching 1,381. 

Hispanics accounted for 1.7 percent of S/E doctorates in 
academic R&D in 1987, compared with 1.0 percent in 1977. 
As with blacks, they are most heavily represented in the 
life sciences and social sciences. Hispanics’ greatest per- 
centage increase occurred in engineering, where their 
numbers rose from 69 in 1977 to 385 in 1987. 

Asian representation in academic R&D rose to 9 percent 
in 1987. (See appendix table 5-18.) Among major fields, 
they were most heavily represented in engineering—18 
percent in 1987. Among Asians, 14 percent were women, 
whose shares by field were generally similar to those for 
white women. (See figure 5-7.) The major exception was 
physical sciences: 13 percent of Asian physical scientists 
were women, in contrast to 7 percent of white physical 
scientists. 


Acade:nic and Nonacademic Doctoral S/E 
Basic Researchers 


Employment by Sector. The total number of doctoral 
S/E basic researchers increased from 88,000 in 1977 to 
133,000 in 1987, a 51-percent increase.” Nonacademic 
basic researchers increased 30 percent, from 21,900 to 
28,600. With a 48-percent increase in basic researchers, 
nonprofit organizations showed the largest increase 
among nonacademic sectors. (See appendix table 5-19.) 

Almost 80 percent of doctoral scientists and engineers 
in basic research in 1987 were also in academia. Thus, most 
of the broad demographic characteristics of the two 
groups are similar in terms of gender, race/ethnicity, and 
distribution by field. Moreover, academia employed al- 
most all of the doctoral basic researchers in some fields— 
e.g., mathematics, 97 percent; sociology /anthropology, 97 
percent; and economics, 93 percent. 

Industry employed the next largest percentage of doc- 
toral basic researchers—8.6 t. (See figure 5-8 and 
appendix tabie 5-19.) Although it employed less than 10 
percent overall of basic researchers, the industrial sector 
employed 19 percent of all engineers doing basic research 
and 25 percent of the computer scientists in basic research 
in 1987. Industry also more than doubled its number of life 
scientist doctorates in basic research between 1977 and 
1987 (from 1,400 to 3,100). This increase probably reflects 
recent industrial emphasis on development of biotechnol- 
ogy products. 


“'Only doctoral scientists, rather than scientists and engineers, are dis- 
cussed here, since there were fewer than 20 black women doctoral en- 
gineers in 1987. 

“ As with the academic R&D doctoral personnel data, these 1987 figures 
are not necessarily exactly comparable to data from earlier years because 
of changes in the 1987 survey question on character of work. 
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of women doctoral scientists and engineers in academic R&D, by race/ethnicity and field: 1977 and 1987 
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Minorities and Women in Basic Research. Among 
doctoral basic researchers in 1987, 1.1 percent were black; 
25 percent of these were women. (See appendix table 5-20.) 
However, the absolute numbers of black basic researchers 
remained low (1,277 men and 416 women in 1987). Asians 
made up 6.8 percent of the doctorate S/E basic research 
workforce in 1987; 15 percent of the Asians were women. 
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Asians are especially prevalent in engineering, where they 
accounted for 26 percent of basic researchers in 1987; the 
comparable figure in 1977 was 15 percent. 

Employment sectors vary in their proportions of women 
and minorities doing basic research, but the overall num- 
bers and proportions of women and minorities in the 
sectors increased between 1977 and 1987. For example, 


over the decade, the proportion of doctoral basic re- 
searchers who are women increased: 


© In academia, from 11 percent to 17 percent; and 


© In the Federal Government, from 7.3 percent to 12 

percent. 

Also in the Federal Government, the percentage of black 
doctorates in S/E basic research increased from 1.2 per- 
cent to 2.1 percent, or from 85 to 188 individuals. 

With Asians comprising 14 percent of its doctoral basic 
researchers, ind had a higher Asian representation 
than any other sector in 1987. Also, industry increased its 
percentage of basic researchers who are women from 5.5 
percent in 1977 to 12 percent in 1987. As in academic R&D, 
women were especially prevalent in life sciences: 21 per- 
cent of industrial life sciences basic researchers were 
women in 1987, compared with 10 percent a decade earlier. 


Retention of Doctoral S/E Researchers in Employment 
Sectors and Research Activities* 

Retention in Employment Sectors.“ The largest per- 
centage of doctoral scientists and engineers in research 


“These data come from the NRC / NSF Survey of Doctorate Recipients 
data base. A weighted sample of new doctorates from each year enter the 
survey, and are surveyed in subsequent years. No new entrants are added 
to an earlier year’s cohort. Thus, attrition occurs. The analysis here was 
based on respondents who answered the NRC / NSF Survey of Doctorate 
Recipients questionnaire in both years of the interval being analyzed. 


Because NRC used varied sampling strategies over the years, it is not very 
useful to compare actual numbers of respondents at the different times. 
However, there were 15,000 matched respondents for 1973 and 1975; 
6,000 of them also matched for 1973 and 1987. 

“For this and the following subsection only, the term ‘researcher’ 
refers to doctoral researchers in nonacademic basic research or in aca- 
demic R&D. 
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whoare going to leave their employing sector do so during 
their initial 2 years in that sector; longitudinal surveys 
show that decreasing percentages leave during subse- 
quent time intervals. (See figure 5-9 and appendix table 
5-21.) While 7 percent of male doctorates in academic R&D 
in 1973 had left that sector 2 years later, only 21 percent 
had left after 14 years.* In other words, 79 percent of those 
working in academic R&D in 1973 were still in academia 
14 years later (although not necessarily in R&D). The reten- 
tion rates for women follow similar patterns, although the 
rates are somewhat lower than for men.“ 


“Fourteen years was the longest time interval available in analysis of 
longitudinal survey data. The NRC/ NSF Survey of Doctorate Recipients 
data base was used to follow movement among repeat responders. No 
corrections were made for nonresponders. 

The estimates of retention have some uncertainty. Data from the 2-year 
initial time period probably overestimate retention rates, because the 
baseline sample contains people who have just started a job as well as 
those who have been at a position or with an employer for longer time 
periods. By contrast, doctorates in the 10- and 14-year samples have been 
in the same or related positions for at least as long as the time interval, 
and apparently are more stable in their positions. It is also possible that 
those who have not changed employers are more likely to receive sub- 
sequent questionnaires (because they have not changed addresses) than 
researchers who have moved, again leading to a possible overestimate of 
retention rates. 

“Because of the much larger numbers of males compared with females 
in the doctoral S/E workforce, the totals are largely determined by the 
male pattern. Moreover, the retention rates vary the most in those 
categories that contain fewer individuals—for example, women in the 
nonprofit or industry sector during the 1970s. 
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Overall, the retention rates are generally similar when 
the same number oj elapsed years (i.e., 2, 4, or 10 years) are 
compared for different calendar year intervals, for ex- 
ample, 1973-77 compared to 1983-87. Retention rates vary 
greatly among sectors, with the industrial and academic 
sectors showing rates very similar to each other, and both 
considerably higher than those of the Federal Government 
and nonprofit organizations. (See figure 5-9.) Relatively 
little movement of researchers occurs between the indus- 
trial and academic sectors, with 2-percent to 3-percent 
movement in either direction during selected 2-year inter- 
vals.” However, because there are many more researchers 
in the academic sector, this rate suggests that much larger 
numbers of academic researchers move to industry than 
vice versa. 

Retention of Doctoral Scientists and Engineers in Re- 
search. Individuals were considered to have stayed in 
research from time, to time; if they were in academic R&D 
or nonacademic basic research when surveyed at both 
time, and time. Approximately 20 percent to 30 percent of 
researchers in a given year are no longer working at these 
research activities 2 years later. (See text table 5-4 and 
appendix table 5-22.) However, the rate at which scientists 
and engineers leave these activities decreases over longer 
time intervals. Thus, while 70 percent to 80 percent stay in 
research over 2-year periods, 60 percent of men and 55 
percent of women were still doing nonacademic basic 
research or academic R&D when surveyed after 14 years 
(1973-87). 

These findings suggest there is a large turnover of doc- 
toral level basic researchers soon after they begin re -arch. 


“NSB (1987), p. 94. 


WW7S-7B .. 2... cece wees 2 80 79 
1G7S-77 ...... eee eee, 4 65 61 
1973-83 ...........0005, 10 58 51 
1973-87 ........ cc eeeee 14 60 55 
WO77-7O cece ee enees 2 74 72 
1977-B7 .. wc eee eee 10 66 63 
1983-5 ........ cc cece 2 75 74 
19863-B7 ... 2... cece eens 4 78 75 
1985-87 ... 0.0... cc eeeee 2 83 81 


Note: Data are for doctoral scientists and engineors whose primary or 
secondary work activity was nonacademic basic research or academic R&D 
in the first year of a time interval, and who also responded to the Survey of 
Doctorate Recipients in the final year of an indicated time interval. 


See appendix table 5-22. 
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Recent Ph.D.s in postdoctoral positions may be unable to 
get another research position; faculty who do not get ten- 
ure may move to positions where academic R&D or non- 
academic basic research is no longer their primary or 
secondary work activity; some scientists and engineers 
may find they do not want to continue in academic R&D 
or nonacademic basic research. 

A larger proportion of doctoral scientists and engineers 
apparently stayed in research in the 1980s compared with 
the 1970s. (See text table 5-4 and appendix table 5-22.) For 
example, the retention rates between the 4-year interval 
from 1983 to 1987 were higher than the rates between 1973 
and 1977. The same qualitative finding holds for 1977 to 
1987 compared with the earlier period 1973 to 1983. These 
results contrast with those discussed earlier for move- 
ments between sectors, where retention rates were largely 
independent of calendar time. 


OUTPUTS OF ACADEMIC R&D: SCIENTIFIC 
LITERATURE, PATENTS, AND PRODUCTS 


The primary output of university research is new 
knowledge, usually measured by various types of publi- 
cation counts. As an indicator of the impact that a publica- 
tion has on other research, academic researchers often use 
citation data. Based on publication counts, U.S. academic 
institutions continue to produce a substantial share of the 
world’s new S/E knowledge—albeit with increased inter- 
actions with researchers from other sectors and countries. 

Bibliometrics is the generic term to describe data about 
publications. This section uses bibliometric data to explore 
trends in U.S. and world publication and citation data.” 
For example, bibliometric data permit tracking of patterns 
of collaboration among countries, among U.S. employ- 
ment sectors, and among individual researchers. Current 
data show that: 


© The U.S. is maintaining its large share of world science 
and engineering literature; 

* Coauthorship is rapidly increasing among in- 
dividuals, countries, and sectors; and 

¢ There have been some specific changes over the past 


decade in intercountry citation patterns, although the 
overall patterns have remained unchanged. 


“In this section, academic institutions are essentially all U.S. education- 
al institutions, including high schools. The terms “universities’’ and 
“academic institutions” are used interchangeably in this section. In this 
section, federally funded research and development centers comprise all 
FFRDCs, including those administered by colleges and universities. 

“The publication data discussed here are taken from science literature 
indicators developed by Computer Horizons, Inc. (CHI), for the Nationa! 
Science Foundation. The CHI tabulations are derived from the Science 
Citation Index data base created by the Institute for Scientific Information. 
CHI has developed several major data bases. One covers the articles, 
notes, and reviews in a fixed journal set covering approximately 2,100 of 
the most significant S/E journals from 1973. A second data base covers 
articles, notes, and reviews in a fixed journal set of over 3,200 of the most 
influential journals from 1981 forward. 

Throughout this section, the terms “papers,” “articles,” and “publica- 
tions’ are used interchangeably, and refer to the articles, notes, and 
reviews in the CHI bibliometric data bases. 


University patents measure a different type of knowl- 
edge. A recent sharp increase in university patenting is an 
indicator of the expanding role played by academic R&D 
in technology development. 


World S/E Literature: Comparisons and Interactions” 


U.S. Share of World S/E Literature. Bibliometric data 
provide one way of looking at U.S. S/E activity in relation 
to that of other countries. In 1986, U.S. publications ac- 
counted for 36 percent of world publications in science and 
engineering, a figure that has been approximately constant 
since 1973 and very constant since 1981. (See appendix 
tables 5-23 and 5-24.) In all fields, the U.S. has a greater 
percentage of world publications than does any other 
country. The U.S. produces: 


© 22 percent of the world literature in chemistry, 
© 30 percent of physics publications, and 


© Between 37 percent and 43 percent of the literature in 
the other major fields. 


However, the U.S. world shares in mathematics, en- 
gineering /technology, and biology have dropped some- 
what since 1973. (See text table O-1 in Overview and 
appendix table 5-23.) Interpretation of changes in other 
fields is uncertain because U.S. shares in all fields showed 
decreases when the number of journals analyzed was ex- 
panded by 50 percent in 1981. 

Foreign Country Shares of World Literature. Among 
foreign countries, the United Kingdom, USSR, and Japan 
each contributed about 8 percent of world science and 
engineering literature in 1986, but the fields in which they 
contributed their largest shares differed. (See appendix 
table 5-25.) The United Kingdom made its greatest con- 
tributions in clinical medicine and biology (10 percent of 
world literature); the USSR provided 15 percent of world 
literature in both physics and chemistry; and Japan ac- 
counted for 13 percent of engineering / technology litera- 
ture. One of the more notable changes in world shares is 
Japan’s increase in world share of engineering / technology 
literature—from 9 percent in 1981 to 13 percent in 1986.” 

Multi-Authored Papers. An ongoing increase in the 
average number of authors per paper suggests an increase 
in cooperation among scientists and engineers. Between 


*These data are based on articles, notes, and reviews in journals from 
the 1973 and 1981 Science Citation Index Corporate Tapes. Articles writ- 
ten by researchers from more than one country are prorated across the 
number of institutions involved from each country, regardless of number of 
individual authors. For example, if an article has authors from two 
institutions in France and one institution from the U.S., it is counted as 
two-thirds of an article for France and one-third of an article for the United 
States. Articles attributed to U.S. sectors are similarly prorated. For some 
tabulations, articles are credited to a country, sector, etc., if at least one 
author is from the place of interest. 

*'For extensive bibliometric data for many of the world’s countries, see 
Schubert, Glanzel, and Braun (1989). Their country publication shares are 
similar to those reported here. 


120 


1973 and 1986, the average number of authors on world 
S/E publications increased from 2.3 to 3.0. (See appendix 
table 5-26.) Concurrently, the percentage of single-author 
papers decreased from 33 percent in 1973 to 19 percent in 
1986. And, during the same time period, the overall per- 
centage of S/E publications with four or more authors 
increased from 15 percent to 31 percent. (See figure 5-10.) 

This trend toward more multi-authored papers may 
signal greater cooperation among individuals and groups, 
a move toward larger research groups, or increasing 
amounts of “big science.” The trend might also reflect 
simply a tendency to give authorship to more contributors 
than in previous years. 

The author distribution on mathematics papers con- 
trasts strongly with that for other fields. Only 1 percent of 
mathematics publications in 1986 had four or more 
authors and 62 percent were single-author papers. These 
data suggest that mathematics research is a less collabora- 
tive activity than research in other fields. 

International Coauthorship. Scientists and engineers 
throughout the world are increasingly coauthoring papers 
with researchers from other countries. In 1976, 4.0 percent 
of world science and engineering publications listed au- 
thors from more than one country; by 1986, this figure had 
increased to 7.5 percent. (See appendix table 5-27.) 

S/E fields vary in degree of international copublication. 
At 13 percent, mathematics had the highest percentage of 
internationally coauthored articles in 1986—a somewhat 
surprising finding, given that the majority of mathematics 
papers have only one author. Earth/space sciences was 
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second with 12 percent of papers internationally coau- 
thored, and physics was third with 10 percent.» Interna 
tional collaborations at large-scale facilities for physics an . 
astronomy research may contribute to the international 
character of these research fields.*° 

There has been an overall increase in U.S. international 
coauthorship. In 1986, 10.2 percent of publications with at 
least one U.S. author were internationally coauthored, up 
from 5.6 percent in 1976. (See text table 5-5, figure O-17 in 
Overview, and appendix table 5-28.)* This rise was ap- 
parent among all U.S. employment sectors. (See appendix 
table 5-29.) Notwithstanding this steady increase, the U.S. 
percentage of internationally coauthored papers is still 
relatively low compared with that of various Western 
countries. 

Japan and the USSR, like the United States, also show 
relatively low—but increasing—percentages of inter- 
national coauthorship. (See figure O-17 in Overview and 
appendix table 5-28.) In 1986, 7.5 percent of articles with at 
least one Japanese author were internationally coau- 
thored; over half of these were coauthored with the United 
States, and the next largest percentage with West Ger- 
many. In 1986, 3.3 percent of publications with at least one 
author from the USSR were internationally coauthored, 
primarily with East Germany and the rest of Eastern 
Europe. Only 0.4 percent of the USSR articles were written 
with U.S. researchers. 


U.S. Sector Interactions in S/E Publications 


U.S. Authorship and Coauthorship by Sector.’ The 
academic sector is responsible for over two-thirds of U.S. 
science and engineering publications. Of the 137,770 U.S. 
S/E publications in 1986, universities accounted for 70 
percent. (See appendix table 5-30.) These proportions are 
about the same as they were in 1976. 

By field, academic institutions in 1986 accounted for 
between 60 percent and 80 percent of publications in all 
fields except mathematics and engineering / technology. 
(See appendix table 5-30.) In mathematics, academic 


Patterns of U.S. international coauthorship are similar to those world- 
wide. In 1986, U.S. researchers published most with foreign authors in 
mathematics (19 percent of U.S.-authored mathematics papers), 
earth/space sciences (16 percent), and physics (15.5 percent). (Data 
provided by CHI.) 

See Ailes, Coward, Owens, et al. (1988) for a discussion of large-scale 
research facilities in the U.S., Western Europe, and Japan. Examples are 
Fermilab in the U.S. and Centre Européen pour la Recherche Nucléaire 
(CERN) in Geneva for high-energy and particle physics; the Joint Euro- 
pean Torus for atomic energy, and the European Molecular Biology 
Laboratory. 

* Appendix tables 5-27 and 5-28 appear to show inconsistent degrees 
of international coauthorship. However, in appendix table 5-28, publica- 
tions are counted at least twice, since they are counted for each author 
country. Appendix table 5-27 uses actual numbers of publications. 

footnote 50. 
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Text table 5-5. coauthored articles for 
selected countries: 1976 and 1966 

1976 1986 

— Percent’ — 
West Germany ..................... 9.7 20.9 
United Kingdom .................... 10.0 16.6 
LER TE ayes epee 12.4 19.4 
SRS = eee aes 10.3 21.3 
a Rta es ie ee 2.0 3.3 
United States ..................00-- 5.6 10.2 
Sl <isisnnancyiekebabisiinds one 3.5 75 


‘internationally coauthored articles are expressed as a percentage of all 
articles with at least one author from the country. 
See figure O-17 in Overview and appendix table 5-28. 
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institutions were responsible for a far higher share—over 
90 percent of publications in 1986. In engineering /technol- 
percent of publications in 1986. In engineering /technol- 
ogy, they were responsible for 55 percent of publications; 
this was a considerable increase over their 40-percent 
share in 1976. (Over the same period, the industry share of 
engineering/technology publications dropped from 39 
percent to 26 percent.) 

A trend of increasing cross-sector coauthorship suggests 
there is increased research cooperation among U.S. em- 
ployment sectors. (See appendix table 5-31.) For example, 
between 1973 and 1986, industry showed a substantial 
increase—from 17 percent to 35 percent—in the propor- 
tion of papers it coauthored with other sectors. The various 
nonacademic sectors publish more frequently with the 
academic sector than with each other. The proportions of 
papers coauthored with universities has risen reasonably 
steadily since 1973. (See figure 5-11.) By 1986, academic 
researchers were coauthors on approximately 30 percent 
to 50 percent of papers from each of the other sectors. 

University-Industry Coauthorship. Trends in univer- 
sity-industry coauthorship were analyzed to determine 
whether this indicator was consistent with other evidence 
of increased interaction between these two sectors. Over- 
all, 28 percent of articles with at least one industry author 
were coauthored with a university author in 1986, com- 
pared with the 1976 figure of 15 percent. By field, the 
percentage of industry articles coauthored with university 
authors in 1986 ranged from a low of 18 percent in chem- 
istry to approximately 40 percent in the three life sciences. 
(See figure O-26 in Overview and appendix table 5-32.) 

From the academic sector's viewpoint, fewer than 4 
percent of articles with one or more academic authors were 
coauthored with industry authors in 1986. (The percentage 
was even lower in 1976.) Universities coauthored more 
with nonprofits (7.4 percent) and government (9.6 percent) 
than with industry or FFRDCs in 1986. 
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Citation Analysis in the Scientific Literature* 


Authors cite each other’s papers for many reasons, but 
analysts —— J assume that rates of citation provide 
some measure of the quality, relevance, or interest—the 
impact—of the cited papers.” Analysts also use citation 
data to provide information on how various science and 
engineering fields *z.i subfields may be related to each 
other. 


*This analysis uses a designed to minimize the spurious 
effects that occur because authors tend to cite their own country and 
sector much more when citing recent papers than when citing papers 
several years old. The cross-sector and cross-country citation analyses 
ne en ee ee 

excludes cited papers from either the same year as the 
cng paper rom the nedite prc Yer but uses citations from the 
previous 3 years. For example, if 1984 is the citing year, 1980-82 are the 
cited years. While this approach allows analysis of temporal trends, it is 
not useful for qui ing ““‘hot’’ research areas. 

See Cozzens (1989), Lederman (1987), and OTA (1986) for discussions 
about what citation data mean. Cozzens divides citations into two broad 
categories: citations that bolster the findings and conclusions of the citing 
paper, and those whose purpose is to give credit to the work of previous 
researchers. 
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U.S. References to Foreign Countries. Approximately 
29 percent of references® in U.S. science and engineering 
papers are to foreign papers, a value that has persisted for 
the past decade. (See text table 5-6 and appendix table 
5-33.) However, some notable changes for specific fields 
and countries have occurred. Over the 1977-86 period, U.S. 
publications decreased the percentage of their references 
to United Kingdom papers in all major fields. By contrast, 
U.S. authors increasingly cited papers from France, West 
Germany, and Japan. Although the share of Japanese ref- 
erences in U.S. papers increased more than a percentage 
point, Japanese papers still constitute a small share— 
3.5 percent—of total references in U.S. papers. 

In general, citation patterns for individual fields follow 
those for all fields combined. Physics shows the greatest 
change; in 1977, foreign physics papers constituted 31 
percent of physics references in U.S. papers, a percentage 
that had increased to 36 percent by 1986. Further analysis 
of this change shows that U.S. papers increased the num- 
ber of citations to foreign physics papers faster than they 
increased the number of citations to U.S. physics papers. 

Citation Patterns Between U.S. and Foreign Articles. 
In all fields combined, U.S. articles tend to cite U.S. publi- 
cations almost twice as often as expected and to cite non- 
U.S. publications about half as often as expected, as es- 
timated by relative citation ratios.” (See appendix table 
5-34.) In other words, U.S. articles tend to overcite US. 
publications and to undercite non-U.S. publications. 
Foreign researchers cite U.S. papers in all fields combined 
exactly as frequently as predicted by the U.S. share of 
world literature: the relative citation ratio is 1.0. The rela- 
tive citation ratios were surprisingly constant between 
1977 and 1986, indicating little change in the relative 
amounts of attention that the citing authors devoted to the 
various cited categories. 

The level of citation of U.S. papers suggests that U.S. 
researchers exert a substantial impact on foreign S/E 
lications. Since foreign papers for all fields com cite 
U.S. papers as frequently as statistically ex , and the 
US. to about 35 percent of the world S/E literature, 


*The terms “citation” and “reference” are used interchangeably. 

*Relative citation ratios (also called relative citation indexes) provide 
information on the relative impact of the cited papers. A relative ci- 
tation ratio—for example, for the U.S. citing of French chemistry pa- 
pers—is calculated as follows: 


Number of citations to French chemistry papers 
in U.S. citing publications 
Total number of chemistry citations 
in U.S. citing publications 
Total number of published chemistry papers from France 
Total number of published chemistry papers in world 


If the ratio is greater than 1, the U.S. is citing French chemistry papers 
more than would be expected on statistical grounds. Essentially, the 
relative citation ratio measures the extent to which cited papers are 
getting more or less than their statistical share of attention as measured 
by citations. 

Relative citation ratios can be subtly misinterpreted. For example, the 
smaller a country’s share of world publications in a field, the larger its 
relative citation ratio can be, based purely on statistics. 


Text table 5-6. Citations in U.S. papers to papers 
from selected countries: 1977 and 1986 

Year of citing 

Cited country 1977 1986 

—— Percent —— 

United States ...................... 715 70.5 
All foreign countries ................. 28.5 29.5 
tela wave vetiasdions 2.1 2.6 
CEES so cnccbcesees +ctee 2.1 3.5 
United Kingdom .................. 73 5.9 
West Germany ................... 28 3.4 


Note: Cited papers are counted in a 2-year-lag, 3-year rolling cycle. For 
example, citing papers published in 1986 provide data on cited papers 
published in 1962-84. 


See appendix table 5-33. 
Science & Engineering indicators— 1989 


approximately 35 percent of citations in foreign S/E pa- 
pers must be to U.S. publications. 

U.S. Cross-Sector Citations. The various U.S. employ- 
ment sectors overcite their own S/E literature in the same 
way that individual countries do they also usually un- 
dercite papers from other sectors, albeit to varying ex- 
tents.*' (See appendix table 5-35.) With few exceptions, this 
overall pattern was generally stable between 1977 and 
1986. 

University papers dominate the references in U.S. pub- 
lications. Because the academic sector produces 70 percent 
of the U.S. S/E literature, this finding is not surprising. In 
1986, more than half the citations to U.S. papers were to 
the U.S. academic sector, except when industry was the 
citing sector. However, even industry has cited more aca- 
demic papers than industry papers since 1984. (See appen- 
dix table 5-35.) 

Citations in Engineering/Technology Papers. Asan in- 
dicator of the role of basic research in the development of 
technology, citations in engineering / technology journals 
were examined. Engineering / technology } os rapa primari- 
ly cite their own field. In 1984, 67 percent of their references 
were to other engineering / technology papers; 16 percent 
of the references were to physics papers, and 9 percent to 


“Unpublished data from Computer Horizons, Inc., show that indi- 
vidual foreign countries overcite papers from their own country; this 
effect is most severe for papers published nearest to the publication year 
of the citing paper. 

“Only papers with U.S. authors are counted as cited or citing papers 
in this section. Both cited and citing papers are counted as appropriate 
fractional papers when there are authors from more than one country or 
more than one sector. See footnote 50 for an explanation of assignment of 
fractional papers. 

“Because of year-to-year variability in relative citation ratios, apparent 
time trends should be interpreted cautiously. 
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chemistry papers. (See appendix table 5-36.) These propor- 
tions have remained constant since 1976. 

Further analysis focused on the distribution between 
applied research and basic research of the cited physics 
and chemistry papers and on the comparison of this cited 
distribution of papers with the world distribution.* (See 
appendix table 5-36.) Of the 25 percent of citations in 
engineering / technology papers to chemistry and physics 
papers, about a third of the cited chemistry and physics 
papers are in basic research journals and two-thirds in 
applied research-targeted basic research journals. How- 
ever, this citation distribution by type of research is the 
reverse of the world distribution of papers in these two 
fields. Thus, engineering /technology papers show some 
attention to basic research in chemistry and physics, but 
preferential attention to applied research-targeted basic 
research in those fields. 


Patents Awarded to Universities 


University patenting has increased during the 1980s," 
due in part to the 1980 change in the U.S. patent law that 
allows universities and small businesses to retain title to 
inventions resulting from research funded by the Federal 
Government. U.S. universities received 2.0 percent of pat- 
ents awarded to U.S. inventors in 1988, more than double 
their 0.9-percent share in 1978. 

Patent Classes. Universities concentrate their patent- 
ing in relatively few patent classes, many of which are in 
biomedical areas. Of the 404 patent classes of the US. 
Patent and Trademark Office, only 21 patent classes ac- 
counted for more than half of the 7,798 patents awarded 
to U.S. universities between 1971 and 1988. (See appendix 
table 5-37.) In 1988, universities patented most prolifically 
in four biomedical patent classes: these four classes repre- 
sented 32 percent of university patents, compared with 5 
percent of all patents awarded to U.S. inventors. (See text 
table 5-7.) 

Characteristics of the Highest Patenting U.S. U.‘iver- 
sities. Nine of the ten U.S. universities with the largest 
numbers of patents in 1988 heavily patent in biomedical 


“The analysis used a four-level categorization system for S/E journals, 
developed by Computer Horizons, Inc. The categories ranged from the 
most applied technology to the most basic science. 

The world distribution of papers by research category and field was 
provided by Computer Horizons, Inc., for 1973 to 1979. Because the 

rtions were constant during those years and consistei:t with later 
data, the 1973-79 distributions have been used. 

“U.S. Patent and Trademark Office (1989). 

“The minimum percentage of U.S.-invented university patents award- 
ed to women was 1.8 percent in 1975, 2.5 percent in 1981, and 5.1 percent 
in 1987. In this last year, at least 36 women from U.S. universities were 
awarded patents. The percentage of total U.S.-invented patents awarded 
to women was at least 1.6 percent in 1975 and 2.9 percent in 1987. 

The percentages for women are minimum figures since gender-am- 
biguous names could not be assigned. Because the number of uniden- 
tified and gender-ambiguous names exceeds the number of identified 
women, the percentage of women patent-holders could be considerably 
higher than the minimum figures presented here. CHI provided these 
unpublished data, based on the 100 top patenting universities in the 
United States, which account for over 90 percent of university patents. 
Gender was assigned based on names. 


Text table 5-7. Most active patent classes for academic sector patenting: 1968 


Patents to Academic 
academic §§ Patents to U.S. share of 
Patent class and name institutions inventors patents 
——— Number ———— —Percent— 
ne eeeeveeces 801 40,496 2.0 
Total, these fourciasses ................. 257 2,156 11.9 
435 Chemistry: molecular biology and 
microbiology .................... 91 441 20.6 
514 Drug, — ee 
Sek SRS A a 80 823 9.7 
aaa Eis Meith Canaan 0 5 0.09 47 901 5.2 
424 Drug, bioaffecting and body treating 
compositions ................... 39 432 9.0 
See appendix table 5-37 and chapter 6. 
Science & Engineering indicators— 1969 


small numbers of patents in a great variety of patent 
classes. These top 10 universities received 38 percent of the 
patents awarded to universities in 1986-88, a dispropor- 
tionately large share. This distribution pattern also occurs 


areas, mirroring the pattern for all universities combined.© 
(See appendix table 5-38.) The sole exception, Caltech, gets 


“Numbers of patents in 1988 for the year’s top 10 patenting universities 
are: MIT, 63; University of California, 59; Stanford University, 54; Univer- 
sity of Minnesota, 26; Johns Hopkins University and the University of 
Florida, 21 each; University of Wisconsin, 20; Caltech and the University 


with other indicators of university R&D; for example, 
these 10 universities receive a relatively large share of 
academic R&D funding. (See appendix table 5-6.) Further- 
more, many of these top patenting universities also rank 


of Texas, 18 each; and Harvard University, 17. ; ; = * ; 
7 in the top 10 in numbers of publications in various fields. 


Dependence of Manufacturing Industries on 
Academic Research 
Various efforts have been made to quantify the role 
that academic research plays in industrial development Text table 5-8. Percentage of new products and 
of new products. In the first empirical attempt to es- processes based on recent academic research for 
timate the economic return to society from this research, seven U.S. industries: 1975-85 
Mansfield 1990) found that industry de- Percentage whose 
pends heavily on recent academic research. (See text development depended 
nual social rate of return from the academic research research’ 
discussed in this study was 28 percent. 2 
Mansfield’s results were based on a oe on 
ste algrdt % aber herentonn foun 7 mremedecter information processing .......... 28 27 
ing industries. Executives were asked about new GNI os sc aieecvesancedecavcs 9 7 
products and processes they had introduced between CRIME «ves ener eyedseniey. B : 
1975 and 1985. They said that a substantial! — | ye 37 
of thes enew ws rage” depended on aca UBB vere ett ec ettetteeeeeees ~ . 
that they ei _ RRR ae | 2 
° ” aiiediedans (without substan- CRIES RS ART 
tial delay) in the absence of recent academic re- Pes pb erst — pease — 
search, or with very substantial aid from recent academic research. 
© Were developed with very substantial aid from SOURCE: Mansfield (forthcoming, 1990). 
recent academic research. Science & Engineering Indicators— 1989 
on academic research, with 44 percer;: of its new 
products depending on such research. 
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Industrial R&D and Technology 


HIGHLIGHTS 


© Expenditures for industrial research and development (R&D) 
are growing, but this growth is beginning to slow. Total 
industrial expenditures for R&D are estimated at $95.4 
billion in 1989; this is 72 percent of all R&D expenditures 
in the United States. From 1980 to 1985, the average 
annual increase in industrial R&D performance was 6.3 
percent in constant dollars. However, increases averag- 
ing only 1.8 percent per year are estimated from 1985 to 
1989. (See pp. 129-31.) 


Private industry has funded more than one-half of all in- 
dustrial R&D every year since 1968, and since 1979 has 
funded about two-thirds of the total. From 1980 to 1985, 
company funding increased by an average of 5.4-per- 
cent per year in constant dollars. There was essentially 
no growth from 1985 to 1986. From 1986 to 1989, es- 
timates are that company funding went up by only 2.3 
percent per year. (See pp. 129-31.) 


The rate of increase of Federal funds for industrial R&D is 
slowing after a period of rapid growth. From 1980 to 1985, 
Federal funds for industrial R&D increased at a rate of 
8.1 t per year in constant dollars. The growth from 
1985 to 1986 was less than 1 percent. From 1986 to 1989, 
only a 2.1-percent annual increase is estimated. (See pp. 
129-31.) 


Between 1980 and 1986, R&D expenditures increased espe- 
cially rapidly in high-tech manufacturing industries. The 
growth rate was 5.8 percent per year in constant dollars. 
In other manufacturing, growth was 4.4 percent per 
year; in nonmanufacturing, it was 2.0 percent per year. 
Growth was especially rapid in chemicals and allied 
products and in electrical equipment. (See p.131.) 


The Federal Government supports an especially high share of 
industrial R&D in defense-related industries, such as aircraft 
and missiles (74.5 percent Federal) and electrical equipment 
(42 percent Federal). From 1980 to 1986, Federal support 
grew especially rapidly—by 9.6 percent per year in con- 
stant dollars—in the communication equipment indus- 
try. In machinery, including computers, the growth of 
Federal funding was 9.2 percent per year. These in- 
dustries are also highly defense-related. (See p. 131.) 


The number of U.S. patents granted to Americans has 
reversed its decline and has been increasing since 1983. After 
a decline averaging 2.1 percent per year from 1969 to 
1983, in terms of date of patent application, there was a 
5.4-percent per year increase from 1983 to 1988. How- 
ever, foreign patenting increased by 9.1 percent per year 
from 1983 to 1988. (See pp. 132-33.) 


© The share of U.S. patents granted to foreigners rose to 48 
percent in 1988. The Japanese share was 21 percent, and 
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is still growing rapidly; it was 10 percent in 1978. (See 
pp. 132, 135, 139.) 


© Japanese patenting in the United States emphasizes certain 


specific technology fields that are commercially important, 
such as photocopying, information storage and retrieval, pho- 
tography, motor vehicles, and typewriting machines. Amer- 
ican inventors give especially low emphasis to those 
fields, but do emphasize chemical fields like biochem- 
istry, petroleum, and pharmaceuticals. (See pp. 136-38.) 


The share of U.S. patents going to U.S. nationals declined in 
most broad industries from 1978 to 1988. The share granted 
to Americans fell from 64 to 44 percent in office, com- 
puting, and accounting machines (including com- 
puters); and from 63 to 43 percent in motor vehicles. The 
Japanese share has grown in all broad industries, par- 
ticularly in office, computing, and accounting machines. 
(See p. 139.) 


Citations from U.S. patents to earlier U.S. patents suggest 
that the patents received by Japanese and U.S. corporations 
are most frequently cited and therefore may be of especially 
high quality. Patents granted to inventors from other 
countries and those owned by U.S. individuals or the 
U.S. Government are less frequently cited. (See pp. 139- 
41.) 


Small business establishments operating in high-technology 
fields prospered substantially more than those operating in 
other fields during 1980-86. Employment in small busi- 
ness establishments operating in high-tech fields grew 
at more than double the rate of small business estab- 
lishments in the entire U.S. economy. Employment in 
technology-related industries grew by 28 percent dur- 
ing this period, while employment in all small busi- 
nesses grew by 11 percent. (See pp. 142-43.) 


Small high-tech establishments exhibited a stronger tendency 
to leave the small business category through growth or mer- 
gers than did small non-high-tech establishments. Also, 
small high-tech manufacturing establishments were 
more — he grow or merge out of the small business 
category than were small business establishments per- 
forming high-technology services. Manufacturing busi- 
nesses that operated in the communication equipment 
and electronic components industries were most likely 
to make the transition. (See p. 143.) 


The pool of capital managed by venture capital firms grew 
dramatically during 1978-87. Venture capital is an impor- 
tant source of funds used in the formation and expan- 
sion of small high-tech companies. In 1987, the pool of 
capital was eight times as large as it was in 1978. Pension 
funds were a growing source of new money committed 
to venture capital firms. (See pp. 144-45.) 


© Small businesses continue to play an role in the 


important 
sending the fad’ accounting for 95 percent of all firms 
» ay So Nae 29 abe during 1988. There are indications 


the early 1980s 
sy eden doe 1985, has been a 


steady decline in new biotech firms. During 1987, capital 
raised through initial public offerings for biotechnology 
firms declined by 50 percent compared with that raised 
during 1986. (See p. 145.) 


Figure 6-1. 
industry funding and performance of R&D, as a percentage of total R&D, in selected countries 


a. Performance 
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See appendix table 6-1. Science & Engineering indicators— 1989 


Industry is, in many respects, the most important sector 
in any analysis of science and technology (S&T). In the 
United States, 72 percent of all research and development 
(R&D) expenditures are for R&D performed in industry. 
(See figure 6-1a.) Among other large industrialized 
market-economy countries, West Germany has a similar 
share of R&D performed by industry. Japan and the United 
Kingdom have somewhat lower shares (66 or 67 percent), 
while in France about 59 percent of national R&D expen- 
diture is in industry. The share of R&D performed in 
industry has actually increased in West Germany (since 
the early 1970s) and in Japan (since the middle 1970s). 
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Private industry is the source of 48 percent of all funds 
spent for R&D in the United States,' with the rest provided 
by the Federal Government. Nearly all industry funding is 
for R&D that will be performed in industry itself.? Of the 
other four countries shown on figure 6-1b, Japan and West 


'This number actually includes funding from all non-Federal sources, 
including state and local governments, but nearly all of this is in fact 
private funding. 

About 1 percent is spent on university research, and almost | percent 
on research in nonprofit institutions. For a discussion of industry support 
for R&D in colleges and universities, see chapter 5. 


Germany havea considerably larger share of their national 
R&D funds coming from private sources than the United 
States has. France and—until recently—Britain have less 
of their R&D funded by industrial sources.’ In all five 
countries, the trend since the early 1970s seems to be for 
increased shares of industrial support of R&D. In the 
United States, however, the trend has reversed slightly, 
with lower shares of private support since the peak year 
in 1982. This is due primarily to the buildup of Federal 
R&D for defense in the 1980s. 

This chapter discusses private and Federal funding of 
R&D in US. industry. Industrial R&D is the principal 
source of technological developments that benefit the en- 
tire economy. Some of these benefits are seen in the pro- 
duction of new technical inventions. These are discussed 
in terms of the patents granted to Americans and also to 
foreign inventors. Another aspect of industrial technology 
is the formation and growth of high-tech small companies; 
these are the subject of the last section of this chapter. U.S. 


>For France and Britain, the data shown include R&D funding provided 
by public, as well as private, corporations. Thus, the level of private 
funding for industrial R&D is lower than is shown on figure 6-1. 


Figure 6-2. 


industry's experience in the international marketplace for 
high-tech products is discussed in chapter 7. The employ- 
ment of scientists and engineers in industry is treated in 
chapter 3. 


EXPENDITURES FOR RESEARCH AND 
DEVELOPMENT IN U.S. INDUSTRY 


Trends in constant-dollar funds spent on industrial 
R&D are indicators of the level of R&D activity in U.S. 
industry. Funds for industrial R&D come almost exclu- 
sively from two sources: private industry itself and the 
Federal Government.‘ Total current-dollar expenditures 
for industrial R&D have increased markedly in the 1980s, 
with $90.6 billion estimated for 1988 and $95.4 billion 
estimated for 1989. (See figure 6-2.) This increase repre- 


‘Some companies perform independent research and development 
(IR&D), i.e., in-house R&D intended to better prepare the companies to 
bid on National Aeronautics and Space Administration or Department of 
Defense projects. Some of these expenditures are later reimbursed by the 
agency as overhead charges allocated to contracts. In this chapter, IR&D 
expenditures are counted as company-funded R&D. 


Expenditures for industrial R&D, by source of funds 
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sents an 8.8-percent annual growth rate from 1980 to 1989 
in current dollars. In constant-dollar terms, total R&D 
funding in industry has risen every year from 1975 to 1989. 
From 1980 to 1985, the growth rate was 6.3 percent per 
year. This rate has slowed in recent years, however: it was 
only 0.9 percent per year from 1985 to 1987. An increase of 
only 2.9 percent is estimated from 1987 to 1988, and only 
1.3 percent from 1988 to 1989. 


Trends in Company and Federal Funding 


The share of industrial R&D funding coming from the 
companies themselves increased steadily from the early 
1960s until 1980. (See figure 6-2 and appendix table 6-2.) 
From 1980 until 1986, this trend was reversed as the mil- 
itary buildup led the Federal contribution to increase more 
rapidly than the private contribution. Since 1986, prelimi- 
nary data and estimates suggest that the trend has begun 
to return to the older pattern, with private financing in- 
creasing a little more rapidly than Federal financing. 

More specifically, from 1963 until 1980, private funding 
for industrial R&D increased at an average rate of 4.6 
percent per year (in constant dollars), while Federal sup- 
port decreased by 1.8 percent per year. From 1980 to 1985, 
company support continued its increase at a rate of 5.4 
percent per year, but Federal support went up by 8.1 
percent per year on average. From 1985 to 1986, there was 
essentially zero growth in company-funded R&D, while 
Federal funding went up less than 1 percent. 

After 1986, the overall growth in funding seems to have 
resumed, but at a slower rate than in the early 1980s. From 
1986 to 1989, estimates are that company funding went up 
by only 2.3 percent per year, while Federal funding went 
up by 2.1 percent per year. Most of this Federal funding 
increase was from 1986 to 1987; after that, estimates are for 
sharply decreasing rates of Federal growth. As a result, 
company funds were 42 percent of all industrial R&D 
funding in 1963, 68 percent in 1980, 66 percerit in 1986, and 
an estimated 66 percent in 1989. 

The very slight increase in Federal support in the last 
few years is ly because of concern over the Federal 
budget deficit. In the case of private industry, the relatively 
low rate of increase of R&D funding has been attributed to 
(1) relatively small increases in sales and profits, (2) greater 
emphasis on cost reduction programs, and (3) closer ties 
between R&D and manufacturing operations, as well as 
(4) the increase in corporate mergers.’ Other analyses in- 
dicate that mergers and acquisitions in expanding markets 
are accompanied by increases in R&D; in declining mar- 
kets, reductions of R&D are more likely to result. 


R&D Expenditures in Individual Industries 


Individual industries show very different trends in both 
their R&D expenditures and in the sources of support of 
those expenditures. It is helpful to divide industries into 
three general groups: high-technology manufacturing, 


‘See NSF (1988a) and (1989). 
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other manufacturing, and nonmanufacturing.° (See figure 
6-3.) 

High-tech manufacturing industries accounted for 74 
percent of industrial R&D expenditures in 1986, up from 
72 percent in 1980. Other manufacturing industries ac- 
counted for 23 percent. Nonmanufacturing (including ser- 
vices) accounted for only 3 percent. However, innovation 
in the service industries is sustained by R&D-based prod- 
ucts introduced by manufacturing industries, as well as by 
R&D within those industries themselves. From 1980 to 
1986—a period of economic slowdown followed by re- 
covery—total industrial R&D rose by an average of 5.3 
percent per year in constant dollars. During this time, R&D 
within the three industry groups increased as follows: 


¢ High-tech manufacturing—5.8 percent per year, 
¢ Other manufacturing—4.4 percent per year, and 
¢ Nonmanufacturing—2.0 percent per year. 


Growth was especially rapid in the high-tech manufactur- 
ing industries chemicals and allied products and electrical 
equipment. (See appendix table 6-3.) 

Certain industries receive especially large portions of 
their R&D support from Federal sources. (See text table 
6-1.) This is particularly true in aircraft and missiles and in 
electrical equipment, which are of special military impor- 
tance. For example, electronics are an increasingly impor- 
tant component of air weapons systems. Nonmanufactur- 
ing industries as a group also have a large share of their 
R&D funding contributed by the Government. This is the 
only group to show a clear increase in the Government's 
share of R&D funding since 1980. 

While total Federal support for industrial R&D in- 
creased at an average rate of 6.9 percent per year (in 
constant dollars) from 1980 to 1986, the increase was much 
more rapid in some industries. In particular, it was 9.6 
percent per year in communication equipment, 9.2 percent 
per year in machinery (including computers), and 7.7 per- 
cent per year in all nonmanufacturing. (See appendix table 
6-4.) On the other hand, Federal funding of chemical in- 
dustry R&D declined by 10.8 percent per year. 

Company funding for industrial R&D increased by 4.5 
percent per year from 1980 to 1986 in constant dollars. (See 
appendix table 6-5.) The fastest increases were in chemi- 
cals and allied products (7.6 percent per year) and in 
electrical equipment (6.4 percent per year). 

Company funding in high-tech manufacturing indus- 
tries went up 5.8 percent per year, while it went up 2.5 


*A list of manufacturing industries in the two groups is shown in 
appendix table 6-3, along with trends in R&D expenditures in each 
industry. High-tech industries are identified in terms of the ratio of their 
R&D expenditures to their net sales. The nonmanufacturing industry 
group here comprises agriculture, forestry, and fishing; mining and 
construction; transportation, communications, electric, gas, and sanitary 
services; wholesale and retail trade; finance, insurance, and real estate; 
computer and data processing services; research and development 
laboratories and other miscellaneous business services; medical and den- 
tal laboratories; and engineering, architectural, and surveying services. 
Of course, only some of these report significant R&D expenditures. In the 
future, it will be possible to report R&D expenditures for some specific 
nonmanufacturing industries. Throughout this chapter, the 1972 Stan- 
dard Industrial Classification (SIC) is used. 
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See appendix table 6-3. 


percent per year in non-high-tech manufacturing and ac- 
tually declined 3.7 percent per year in nonmanufacturing. 
This is a major departure from the trend in Federal fund- 
terete aoa tle gu 15.0 percent, and 
7.7 per year, respectively. 

_ From 1986 t 1988, quite different trends are estimated 
y funding. (See appendix table 6-5.) While 

manufacturing 


high tee industries are expected to have 
maintained a growth rate of 5.0 percent per year in con- 
stant-dollar R&D itures, a net decline is 


in all other industries combined. Chemicals and allied 

ucts and electrical equipment are not expected to 
ve maintained nearly the growth rates of recent years, 
while i (including computers) is expected to 
have had a very high growth rate of 12 percent per year. 


PATENTED INVENTIONS 


Industrial R&D produces many benefits for the per- 
a y. One of the main benefits is a stream of 
inventions that may in turn be embodied in 
uneveten—4 e., in new or improved products, 
ses, and services. As a measure of the success of USS. 
industry in producing new inventions, it would be de- 
sirable to be able to count them and show their trend over 
time. While there is no accepted method for counting 
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inventions as such, the patents taken out for inventions can 
provide an indicator of the rate of invention.’ 


Inventors and Owners of Inventions Patented in the 
United States 


Patents by Date of Grant—General Trends. The US. 
Patent and Trademark Office issues patents to both U.S. 
and foreign inventors. This discussion is limited to patents 
actually granted, rather than to those only applied for; fur- 
thermore, it deals only with patents granted by the U.S. 
patent office. In 1988, U.S. inventors received 52 percent of 
U.S. patents granted, while foreigners received the re- 
maining 48 percent. (See figure 6-4 and appendix table 


”Patenting indicators, while instructive and convenient, have some 
well-known drawbacks. For one thing, many inventions are not patented. 
This is due in part to laws in different states that provide for the protection 
of industrial trade secrets. Different industries vary considerably in their 
propensity to patent their inventions, so that it is not advisable to compare 
patenting rates across different tec ies or industries. In addition, 
there are various reasons for applying for patent protection, and the 
inventions patented can vary considerably in quality. (One method of 
dealing with the question of varying quality, based on patent citations, is 
discussed later in this section.) These limitations should be kept in mind 
when using patent counts to represent levels of invention. Nevertheless, 
patents provide a unique source of information on this subject. 


Text table 6-1. Share of R&D funding provided by the Federal Government in 
selected 


industries: 1980-86 
1986 
industry 1980 1983 1984 1985  (prei.) 
Percent 
Total 2... ee cece cece cece eeee 31.5 32.4 32.4 34.3 34.5 
Chemicals and allied products (SIC 28).................... 8.0 6.1 2.9 3.4 2.7 
industrial chemicals (SIC 281-2, 286) ................... 15.5 12.9 6.3 7.2 6.1 
Drugs and medicines (SIC 283) ....................-.2.. NA NA NA 0.1 NA 
Petroleum refining (SIC 29) ....................2 22-2 eee 9.7 NA NA NA NA 
Rubber products (SIC 30) ....................0 22 ee ee eee NA NA NA NA 27.9 
Primary metals (SIC 33) ...................c ee eee eee eee 18.5 35.2 NA NA NA 
Ferrous metals and products (SIC 331-2, 3398-99)......... 23.7 NA NA NA NA 
Nonferrous metals and products (SIC 333-36) ............ 10.5 NA 9.0 9.6 75 
Fabricated metal products (SIC 34) ....................... 8.9 10.3 8.5 6.7 12.5 
Machinery (including computers) (SIC 35) .................. 11.0 13.5 12.6 14.2 13.6 
Electrical equipment (SIC 36) .....................2250.- 40.8 37.9 38.1 41.2 42.0 
Radio and TV receiving equipment (SIC 365) ............. 37.8 NA NA NA NA 
Communication equipment (SIC 366) ................... 41.2 36.2 37.4 40.8 42.5 
Electronic components (SIC 367) ...................... 24.7 17.6 18.5 18.7 18.7 
Other electrical equipment (SIC 361-64, 369) ............. 49.0 NA NA NA NA 
Transportation equipment (SIC 37) ....................... NA NA NA 58.2 56.3 
Motor vehicles and motor vehicle equipment (SIC 371)... . . . 13.2 10.6 11.1 NA NA 
Aircraft and missiles (SIC 372, 376) ..................... 72.1 75.1 76.3 76.6 74.5 
Professional and scientific instruments (SIC 38) ............. 18.9 14.4 13.6 14.8 15.6 
Scientific and mechanical measuring instruments (SIC 
3B1-B2) ce cece ec cece eee eens 25.9 NA NA NA NA 
Optical, surgical, photographic, and other instruments (SIC 
DE scan cechnnneesos460064000enes4ee¥eneea ees 13.3 NA NA NA NA 
Nonmanufacturing industries ....................0200005. 42.9 46.7 47.0 52.5 59.5 
NA = Not available. 


See appendix tables 6-3, 6-4, and 6-5. 


6-6.) This is the highest share of U.S. patents that foreigners 
have ever received.* 

The peak year for patents granted to Americans was 
1971.° Patenting declined from that year to 1982 and 
1983—i.e., shortly after the 1980-81 recession—and has 
been increasing fairly rapidly since that time.'® By 1987, 
U.S. patenting had again reached the level of the mid- 
1970s, having increased by 7.3 percent per year from the 
1983 low. Foreign patenting in the United States was also 
experiencing a slight dip in 1983. From 1983 to 1987, it rose 
at a rate nearly twice that of U.S. domestic patenting—13.2 
percent per year."! 


*A few of these foreign inventors actually work for U.S. concerns. In 
1988, 6 percent of the patents granted to foreigners had U.S. corporations 
— as their owners. In 1978, this proportion was 8 percent. 

is is the peak year for patents classified by date of grant. Granted 
patents can also be classified by date of application, as discussed in the 
section “Granted Patents by Date of Application,” p. 136. 

There is a dip in the number of patents granted to all countries in 1979. 
This is because the patent office budget was insufficient to print all the 
patents approved in that year. 

"Both U.S. and foreign patenting declined from 1987 to 1988. This is 
one of many oscillations that appear in patenting data by year of patent 
grant. It reflects the especially low number of patents that were awarded 
in 1986 because of budget restrictions at the patent office. This in turn led 
to a carryover of patents into 1987, and, consequently, an unusually high 
number of patent grants in that year. The discussion of ‘‘“Granted Patents 
by Date of Application’’ (p. 136) shows that there was no real decline in 
US. and foreign patenting activity from 1987 to 1988. 
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Interpretations of Trends. These trends are open to 
various interpretations. 


© If a country’s domestic patenting is taken as an in- 
dicator of its production of inventions, then the 
production of inventions in the United States declined 
in the 1970s and has been increasing since 1983."? In 
this view, increases in patenting in the United States 
by foreign countries may be attributed to the desire to 
exploit the U.S. market, and not to any increase in 
inventions by those countries. 


© On the other hand, patenting by foreign countries in 
a large country like the United States may be con- 
sidered an indicator of the levels of invention in those 
foreign countries. Under this assumption, the rapid 
increase of foreign patents in the United States since 
1983 suggests a rapid increase in foreign levels of 
invention." 


'*Many other industrialized countries, excluding Japan, had similar 
declines in domestic patenting. 

‘These two interpretations are illustrated by Schiffel and Kitti (1978) 
and by Pavitt (1985). Data from the European Patent Office show that the 
Japanese share of patents rose from 7.5 percent to 13.0 percent in the short 
interval from 1983 to 1985. The share of patents granted to Americans 
remained virtually constant at 22.7 percent. In the same interval, the 
number of patents granted by the Japanese patent office to Americans and 
to citizens of the contracting states of the European Patent Office was 
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It is possible, of course, that some foreign countries (e.g., 
Japan) may have both an increasing number of inventions 
and a growing interest in patenting in the United States. 
Further, the costs of acquiring a U.S. patent are often 
higher for a foreign filer than for an American. Thus, 


nearly identical: both lost a small part of their share, dropping from about 
8.2 to 7.3 percent. See U.S. Patent and Trademark Office (1985a), pp. 3 and 
41. Thus, Japanese inventors are the only group of the three to show an 
increasing share of patents in all three patent 


134 


foreign patents may represent a more selective set of in- 
ventions—for example, those owned by multinational cor- 
porations and aimed at U.S. markets as part of acompany’s 
global strategy. Such patenting is especially responsive to 
economic and market influences. The increase in foreign 
patenting in the United States is thus part of the general 
internationalization of the U.S. economy. In any case, one 
consequence of the trends discussed here is that more and 
more of the new technologies available for commercial 
exploitation in the United States are owned and controlled 
by foreign corporations. 


Recent research has emphasized also that the trends in 
the numbers of patents are not necessarily the same as the 
trends in their quality. For example, while the number of 
patents in the United Kingdom, France, and West Ger- 
many to decline in the mid- or late 1960s, the aver- 
age quality of the patents increased, with the result that the 
total value of patent rights actually increased."* This is 
related to the finding that a small portion of all patents has 
most of the total value. Further research is extending these 
results to more countries and various fields of technology. 

Patents Granted to Americans, by Sector. Patents 
granted to American inventors can be further analyzed 
according to who owns them. Inventors who work for 
private companies or for the Government commonly as- 
sign ownership of their patents to their employer; self- 
employed inventors usually retain ownership of their pat- 
ents. The owner's sector is thus a good indication of the 
sector in which the inventive work was done. In 1988, 72 
percent of patents granted to Americans were owned by 
U.S. corporations."° This percentage has varied within a 
narrow range, i.e., from 74 in 1970 to 70 in 1980. Thus, 


“Schankerman and Pakes (1986). 

'’ About 2 percent of patents granted to Americans in 1988 were owned 
by U.S. universities and colleges. These are counted by the patent office 
as patents owned by corporations. For further discussion of academic 


patenting, see chapter 5. 


trends in U.S. patenting are largely trends in patenting by 
corporations. U.S. individuals are the next largest group of 
owners of patents granted to Americans, and their share 
has increased somewhat over the past two decades. It 
began at a relatively low level in 1970 (21 percent), rose to 
27 percent in 1980, and was 25 percent in 1988. The Gov- 
ernment's share of patents has varied from a high of 4 
percent in 1976 toa low of 2 percent in 1988."° Finally, about 
1 percent of patents granted to American inventors are 
owned by foreign corporations or governments. 

Patents Granted to Foreign Inventors, by Country. 
Foreign patenting is highly concentrated in terms of coun- 
try of origin. (See figure 6-5.) Since 1975, Japan has received 
more patents than any other foreign country. Japanese 
inventors have steadily increased their share, receiving 21 
percent of all U.S. patents in 1988. West Germany follows 
with 9 percent, while France and the United Kingdom are 
next with 3 percent each. Japanese patenting has had 
especially high growth; it has nearly doubled since 1983, 
for an annual growth rate of 12.9 percent. In the same 


“In addition to patents, the patent office sometimes awards Statutory 
Invention Registrations (SIRs), which are tions that are not or- 
dinarily subject to examination and cost less to obtain than patents. They 
give the holder the right to use the invention and prevent thes from 
patenting it, but do not keep others from the invention. 
Govemaiont tsventem anf Ge mutediy of it. In 1988, they were 
awarded 728 patents and 114 SIRs. 
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See appendix table 6-6. 
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1983-88 period, other countries’ patenting has grown as 
follows: 


© West Germany, 6.1 percent per year; 
© France, 7.0 percent per year; 


® United Kingdom, 6.0 percent per year; and (for com- 
parison) 
® The US., 4.3 percent per year. 


Granted Patents by Date of Application. Patent data 
in terms of the year in which the patent was granted show 
considerable oscillation from year to year. (See figures 6-4 
and 6-5.) Much of this is due to fluctuations in the rate at 
which the patent office processes applications, rather than 
to any fluctuation in the filing of applications by inventors. 
To remove the effect of fluctuations in ing rates, 
granted patents can be allocated to the years in which they 
were applied for. The application date is roughly 2 or 3 
years the year of grant, and is closer to the time at 
which the invention actually took place. 

By year of application, patenting data show much 

. (See figures 6-4 and 6-5.)"’ In these terms, 
from the batch of applications filed in 1988, 48 percent of 
the U.S. patents that will be granted will go to foreign 
inventors. Japan will receive 22 percent, the West German 
share will drop to 8 percent, and France and the U.K. 
will—again—have 3 percent each. 

In terms of application date, patents granted to U.S. 
inventors decreased fairly regularly from 1969 to 1983 at 
an annual average rate of 2.1 percent. They have increased 
steadily since the low point in 1983"* at an average rate of 
5.4 percent per year. From 1987 to 1988 alone, they rose by 
10 percent, and have again reached the level of the early 
1970s. 

Japanese patenting has grown by 12.5 percent per year 
over this period, with a 16-percent increase from 1987 to 
1988. Since 1970, annual Japanese patenting in the United 
States has increased by a factor of 4.4. West Germany’s 
patenting in the United States has increased by 5.7 percent 
per year from 1983 to 1988, in terms of application date. 
For France, the increase was 6.7 percent per year, while for 
the United Kingdom it was 3.9 percent per year. Overall, 
France has had a substantial increase in its U.S. patenting 
since 1970, and has overtaken the United Kingdom. (See 
appendix table 6-6.) These results show that Japan is main- 
taining the fastest growing rate of filing applications in the 


"Since many of the patent applications filed in recent years have not 
yet been examined by the patent office, it is not known how many of these 
will ultimately become granted patents. The expected number of granted 
patents for recent a tion years can" e estimated by multiplying the 
total number of applications for any year by the recent success rate. Such 
estimates are used for patenting rates by date of application throughout 
this chapter. 

"The data series for patent grants by date of application shows a dip 
in 1983 for many countries. In fact, the number of applications from many 
countries was especially high in 1982 and correspondingly low in 1983. 
This is largely because a new schedule of higher fees was introduced in 
late 1982, leading to an acceleration of filings in 1982 and fewer in 1983. 


13% 


US. patent office,’ and will continue in the immediate 
future to increase its share of patents. 


Patent Fields Favored by Inventors From 
Different Countries 


Patent counts give an idea of the amount of inventive 
activity and output by different countries, but it is also 
important to know how an individual country’s patents 
are distributed among specific technical areas. A large num- 
ber of patents held by a given country is more meaningful 
if those patents are in important fields of technology. The 
best classification system to use in looking at individual 
fields of patenting is the one that divides patents into the 
narrowest and most specific classes. This is the U.S. Patent 
and Trademark Office’s own classification system, which 
contains approximately 370 active classes pertaining to 
inventions. The patents received by U.S. and foreign in- 
ventors in recent years can be compared in terms of these 
classes.” 

Comparison of Fields Favored by U.S. and Japanese 
Inventors. Because of the special interest of U.S.- 
Japanese comparisons, text tables 6-2 and 6-3 show the 
areas of greatest and least concentration by American and 
Japanese inventors patenting in the United States.*’ More 
extensive data are given in appendix tables 6-7 and 6-8. 
Comparable data on West German, French, and British 
patenting in the United States are given in appendix tables 
6-9, 6-10, and 6-11. Together, these five countries account 
for 89 percent of all patents granted in the United States. 

To some extent, there is an inverse relationship between 
U.S. and Japanese patenting. (See text tables 6-2 and 6-3.)” 


"Japanese applications also lead to grants more often than do applica- 
tions from any of the other countries discussed here. For example, an 
estimated 68.3 _—_ of the patent applications filed by Japanese inven- 
tors in 1985 will lead to patent grants. The percentages for other countries 
are France, 66.7 percent; West Germany, 65.9 percent; and United States, 
59.5 percent. 

*An earlier report comparing the fields emphasized by US. and Jap- 
anese inventors in their U.S. patents is Narin and Olivastro (1986). See 
also Narin and Frame (1989). 

"The listing is limited to the 130 patent classes that received at least 200 

tents, from all countries, in 1988. Thus small fields are not considered. 

fields are ordered in terms of the “activity index,’’ which reflects a 
country’s share of the patents granted in a field in 1988. The listings thus 
show the fields in which a country has high or low shares of the patents, 
rather than the field$ in which it simply has high or low absolute numbers 
of patents. Note that “emphasis,” as shown on these tables, is a relative 
term. For example, U.S. inventors “emphasize” certain fields only by 
comparison with foreign inventors, not by themselves. 

*Since the United States is the host country, patents granted to Amer- 
ican inventors have some special characteristics. In particular, most of the 
inventors who patent in the U.S. patent office but have no corporate or 

t affiliation are Americans. Unaffiliated foreign inventors are 
not likely to apply for American patents because of the difficulty and cost, 
and because they have little interest in patent protection in the United 
States. As a result, the data on patenting by Americans reflect a —— 
large share of patenting by unaffiliated individuals and a relatively sma 
share of corporate-affiliated patenting. (For example, 73 tof US. 
patents granted to Americans go to inventors affiliated with corporations, 
while 96 percent of U.S. we to Japanese inventors are owned 
by corporations.) Unaffiliated individuals tend to patent in fields of little 
interest to industry, such as fishing, trapping, and vermin destroying, or 


Text table 6-2. Patent classes most and least emphasized by U.S. corporations patenting in the United States: 1988 


Most emphasized classes Least emphasized classes 
1. Mineral oils: processes and products 1. Fishing, trapping, and vermin destroying 
2. Wells 2. Motor vehicles 
3. Chemistry: analytical and immunological testing 3. Amusement devices, games 
4. Chemistry: molecular biology and microbiology 4. Dynamic information storage or retrieval 
5. Catalyst, solid sorbent, or support therefor, product or 5. Photography 
process of making 6. Internal combustion engines 
6. Error detection/correction and fault detection/recovery 7. Land vehicles 
7. Semiconductor device manufacturing: process 8. Ships 
8. Part of the class 520 series—synthetic resins or natural 9. Amusement and exercising devices 
rubbers 10. Dynamic magnetic information storage or retrieval 
9. Glass manufacturing 11. Typewriting machines 
10. Electrical connectors 12. Winding and reeling 
11. Amplifiers 13. Machine elements and mechanisms 
12. Pulse or digital communications 14. Geometrical instruments 
13. Multiplex communications 15. Photocopying 
14. Surgery 16. Tools 
15. Electrical computers and data processing systems 17. Chairs and seats 
16. Part of the class 520 series—synthetic resins or natural 18. Dentistry 
rubbers 19. Radiation imagery chemistry—process, composition, or 
17. Drug, bioaffecting and body treating compositions product 
18. Food or edible material: processes, compositions, and 20. Plastic article or earthenware shaping or treating: apparatus 
products 
19. Part of the class 520 series—synthetic resins or natural 
rubbers 
20. Compositions 


Note: Listing is limited to U.S. patent office classes that received at least 200 patents, from all countries, in 1988. Classes are listed in terns of the share of patents 
in each class that are awarded to U.S. inventors and owned by U.S. corporations, beginning with the cla.’ in which U.S. corporations have the greatest, o: smallest, 


share. 
See appendix table 6-7. 


For example, the Japanese get much more than their share 
of patents in such technically and commercially important 
technologies as photocopying, dynamic information stor- 
age and retrieval, dynamic = information storage 
and retrieval, photography, radiation imagery chemistry, 
typewriting machines, motor vehicles, internal combus- 
tion engines, and machine elements and mechanisms. All 
of these are on the list of technologies in which American 

— inventors get much less than their share; this fact 

clearly related to the Japanese penetration of U.S. mar- 
kets in many of these areas. 

The inverse relationship between Japanese and U.S. cor- 
porate patenting can be partly explained by the fact that in 
some fields the Japanese get such a large share of the 
patents that little is left for U.S. corporations and they must 
necessarily get a small share. Thus, it is important to ask 
whether there is further evidence that U.S. corporations 
are weak in these fields. For example, if Japanese patents 


amusement devices. 

Therefore, to put the United States on the same basis as the other 
countries, text table 6-2 eliminates the patents owned by unaffiliated 
individuals and shows only patents granted to US. inventors affiliated 
with US. corporations. 
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were eliminated, would U.S. corporations still get low 
numbers of patents in these areas? 

In photocopying, radiation imagery chemistry, and dy- 
namic magnetic information storage and retrieval—all of 
which are on the list of fields with high Japanese emphasis 
and low U.S. corporate emphasis—U.S. corporations get 
more than their share of the non-Japanese patents.” Thus, 
the U.S. corporations show some strength in these areas, 
though the Japanese show more. On the other hand, in 
motor vehicles, internal combustion engines, and machine 
elements and mechanisms (which are also on this list), U.S. 
corporations did not receive their share of the non-Jap- 
anese patents.** These would appear to be definite areas of 
weakness for U.S. corporations. In dynamic information 
storage and retrieval, photography, and typewriting ma- 
chines, U.S. corporations received about their share of 
non-Japanese patents. In these three fields, U.S. corpora- 


In 1988, U.S. corporations received 48 percent of all non-Japanese 
patents. But they received 76 percent of non-Japanese patents in pho- 
tocopying, 61 percent of those in radiation imagery chemistry, and 60 
percent of those in dynamic magnetic information storage and retrieval. 

“In 1988, U.S. corporations received 26 percent of the non-Japanese 
patents in motor vehicles, 33 percent of those in internal combustion 
engines, and 40 percent of those in machine elements and mechanisms. 


Text table 6-3. Patent classes most and least 


emphasized 
in the United States: 1968 


by Japanese inventors patenting 


©ONHD Maewp- 


Active solid-state devices, e.g., transistors, solid-state diodes 
Machine elements and mechanisms 


Least emphasized classes 


Note: Listing is limited to U.S. patent office classes that received at least 200 patents, from all countries, in 1988. Classes are listed in terms of the share of patents 
going to Japanese inventors, beginning with the class most, or least, emphasized. 


See appendix table 6-8. 


tions are at a disadvantage with respect to the Japanese, 
but not with respect to other foreign patenters. 

While Japanese patenting in the United States empha- 
sizes such areas as electronics, photography and photo- 
copying, and moior vehicles, U.S. corporations emphasize 
patenting in chemical areas, including biochemistry, pe- 
troleum, and pharmaceuticals. (See text table 6-2 and ap- 
pendix table 6-7.) Other areas of emphasis are communica- 
tions and semiconductor manufacture. Wells and mineral 
oils—fields highly emphasized by Americans—are among 
those areas in which the Japanese patent the least, perhaps 
because of the lack of domestic oil production in Japan. 

Over the 10-year period from 1978 to 1988, U.S. corpora- 
tions have substantially increased their emphasis on mo- 
lecular biology and microbiology (see appendix table 6-7); 
these fields are pertinent to the biotechnology industry. 
Other large increases were in communications, mineral 
oils, and glass manufacturing. On the other hand, large 
decreases occurred in U.S. relative activity in motor ve- 
hicles, dynamic information storage and retrieval, photog- 
raphy, typewriting machines, and photocopying. Not only 
are these technologies strongly emphasized by Japanese 
inventors and weakly emphasized by U.S. inventors, but 
also the U.S. emphasis in these areas has been decreasing 
in comparison with other countries. In a few of these 
areas—e.g., photocopying, typewriting machines, and 
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motor vehicles—Japanese inventors have significantly in- 
creased their emphasis since 1978. (See appendix table 6-8.) 

Fields Favored by Inventors in Other Countries. Data 
for West Germany, France, and the United Kingdom show 
each country’s different technical emphases. For example, 
West Germany patents heavily in printing, in chemicals— 
including fertilizers and plastics—and in ammunition and 
explosives. (See appendix table 6-9.) There is low activity 
in photocopying, photography, and recorders (which are 
Japanese specialties), with an especially large drop from 
1978 to 1988 in the German emphasis on photography. 
West German activity is also low in wells and mineral oils, 
which are areas emphasized by U.S. corporations. 

French patenting emphasizes nuclear technology 
(which none of the other countries does) and communica- 
tions, in addition to mechanical technologies like brakes 
and clutches. (See appendix table 6-10.) The French, like 
the Germans, also emphasize ammunition and explosives, 
which is among the least emphasized areas for the Jap- 
anese. Again like the Germans, the French do not get many 
patents in photocopying, an area of Japanese emphasis. 
Unlike the Germans, the French do not patent much in 
chemical fertilizers. 

The British emphasize hydraulic and earth engineering 
and power plants. (See appendix table 6-11.) They share 
the American emphasis on drugs, glass manufacture, and 


multiplex communications, as well as the French emphasis 
on aeronautics, which is the field least emphasized by the 
Japanese. The British, like the Germans and French, patent 
a great deal in brakes and organic compounds, but not 
much in photography. 


Patenting in Various Industries by Inventors From 
Different Countries 


Rather than using the U.S. patent office’s classification 
system, patents can also be classified according to the 
Standard Industrial Classification, which allocates patents 
to the appropriate industries.” (See appendix table 6-12.) 
From 1978 to 1988, the share of U.S. patents going to 
American inventors dropped from 62 to 52 percent. Except 
for a slight increase in drugs and medicines, the U.S. share 
of patents dropped in all of the 16 SIC product fields 
shown. The drop was especially great in: 


© Office, computing, and accounting machines—from 
64 to 44 percent; 


® Motor vehicles and other transportation equipment— 
from 63 to 43 percent; 


¢ Communication equipment and electronic compo- 
nents—64 to 48 percent; and 


e Aircraft and parts—54 to 41 percent. 


In some of these cases, the falloff of U.S. share occurred 
because other countries were increasing their patenting 
more rapidly than the United States was. However, there 
was an actual drop in the total number of U.S. patents from 
1978 to 1988 and—more specifically—in the number of 
U.S. patents in transportation equipment excluding air- 
craft and in aircraft and parts. 

Japan’s share of U.S. patents approximately doubled in 
this period, going from 10 to 21 percent of the total. The 
Japanese share increased in each of the 16 product fields 
shown, with an especially large share increase in office, 
computing, and accounting machines (rising from 15 to 40 
percent). Japanese patenting in this field nearly reached 
the level of U.S. domestic patenting. Large increases in 
Japanese patenting also occurred in communication 
equipment and electronic components (from 14 to 30 per- 
cent), in textile mill products (from 11 to 26 percent), and 
in motor vehicles and other transportation equipment 
(from 11 to 26 percent). 

The West German share of U.S. patents increased slight- 
ly from 1978 to 1988, with the greatest share increases in 
motor vehicles and other transportation equipment, air- 
craft and parts, and nonelectrical machinery. Decreases in 
share occurred in drugs and medicines and textile mill 
products. There were no substantial changes in the French 
shares of patents in various fields; however, there was a 


*Patenting in these industrial fields was estimated by means of the 
“Concordance,” a computer program maintained by the U.S. Patent and 
Trademark Office that converts patent counts from the patent office 
classification system into patent counts in terms of the 1972 SIC system. 
Patent classes are each associated with the SIC industry that would 
produce the product or apparatus or would carry out the process steps 
associated with that class of patents. See U.S. Patent and Trademark 
Office (1985b), p. 26. 
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broad decline in the shares of patents going to the United 
Kingdom. The largest share declines for the United King- 
dom were in drugs and medicines, textile mill products, 
and food and kindred products. Again, some of these 
decreases in share are because other countries are increas- 
ing their patenting faster. Still, there were actual declines 
in the numbers of West German patents in textile mill 
products and in total U.K. patents, as well as in U.K. 
patents in textile mill products and food and kindred 
products. 

The trends in patenting by industry are broadly consis- 
tent with the patterns discussed earlier in narrow technol- 
ogy fields. For example, the U.S. strength in the phar- 
maceutical industry is consistent with U.S. emphasis on 
biochemical and pharmaceutical technologies. The rela- 
tive U.S. weakness in the office, computing, and account- 
ing machines industry is consistent with U.S. weakness in 
photocopying, information storage and retrieval, and 
typewriting machines. Similarly, U.S. weakness in the 
transportation industry is consistent with U.S. weakness 
in the motor vehicles and internal combustion engine 
technologies. 


Citations From Patents to Previous Patents 


One criticism of the use of patent counts as indicators of 
the amount of technical invention is that not all patents are 
equally significant. If patents could be assigned relative 
levels of technical or economic significance, it might be 
possible to interpret better the known differences between 
the numbers of patents received by different countries in 
different fields. While there is not yet a broadly accepted 
way of doing this, one attempted method of gauging the 
values of different patents involves interpatent citations. 

The front page of a patent document usually contains 
references to previous patents. These references are sup- 
plied by the patent examiner as part of the examination 
process. Cited patents show the “‘prior art,” i.e., the pre- 
vious achievements in related fields of invention that were 
taken into account in judging the novelty and significance 
of the present invention. The patents cited in this way are 
likely to be the most significant ones in a given field; 
therefore, the number of citations a patent receives from 
the front pages of subsequent patents can serve as an 
indicator of its technical importance.” 

Citations to Patents, by Country. Data are available 
on the citations that the U.S. patents granted ina given year 
receive from all subsequent U.S. patents. It is possible to 
see which countries have the patents receiving the most 
and the fewest citations, and in which fields. For example, 
of the 10 countries that receive the most patents, Japan is 


°A study of technologically important patents (those connected with 
innovations that had won the “IR-100” award from Industrial Research 
magazine) showed that, on average, such patents receive twice as many 
citations as does the average patent. This helps to confirm the validity of 
interpatent citation as an indicator of patent quality. See Carpenter, 
Narin, and Woolf (1981). In addition to these examiners’ citations on the 
front of the patent document, there are also citations to earlier patents that 
the applicant provides within the document. Patents receiving high 
numbers of examiner citations also tend to receive high numbers of 
applicant citations. See Carpenter and Narin (1983). 


the one whose patents are most often cited. (See text table 
6-4a.) This remains true over the period from 1975 to 
1985.” American patents are cited second most often, with 
The Netherlands, the United Kingdom, and West Ger- 
many following behind. Thus, this appears to be the order 
of technical significance of the patents granted to these 
countries.” 


“Text table 6-4 shows a sharp decline in the number of citations per 
patent from 1975 to 1980, and another from 1980 to 1985. This is because 
newer patents have had fewer years in which to be cited, not because of 
any general decline in the quality of patents. Data on citations received 
per patent are valid as of the end of 1988. Consequently, the data shown 
for 1985 are especially incomplete. 

The frequency with which a country’s patents are cited is explained 
in part by the technical fields in which it receives patents. Interpatent 
citation is more frequent in some fields than in others, and countries may 
concentrate their patenting in fields where citation is more frequent or 
less frequent than the average. Correction should be made for this, since 
the fields where more interpatent citation occurs are not necessarily fields 
where patents should be considered more valuable. 

The data on text table 6-4 can be adjusted by giving every country the 
same distribution of patents by SIC field, i.e., the distribution that applies 
to the United States. If this is done with the 1980 data, the citation 
frequencies per patent for the different countries are as follows: 


© Japan, 3.19; 

¢ United States, 3.09; 

¢ United Kingdom, 2.76; 
¢ The Netherlands, 2.73; 
¢ Switzerland, 2.65; 

¢ Canada, 2.59; 

© Sweden, 2.57; 

© West Germany, 2.54; 
© Italy, 2.50; and 

¢ France, 2.46. 


Thus, differences between countries are diminished and there are some 
changes in the ranking of countries, but Japan remains first and the 
United States second. 


Citations to Patents, by Country and Industry. Since 
different countries attract citations in different SIC in- 
dustries, the fields in which a country’s patents are more 
or less significant can be estimated.” The fields in which a 
country’s patents are highly cited are often not the same 
as the ones in which that country receives a large share of 
patents.” For example, patents granted to U.S. inventors 
in 1980 and 1985 are most highly cited in drugs and 
medicines and in primary metals and products.*' While 
drugs and medicines is a field of outstanding patent ac- 
tivity by U.S. inventors, metals is not. Patents for American 
inventions receive especially few citations in engines and 
turbines, in transportation equipment, and in aircraft and 
parts,” all of which are also known areas of weakness in 
terms of absolute numbers of patents. On the other hand, 
fields like communication equipment and electronic com- 
ponents and office, computing, and accounting machines, 
which have dropped greatly in terms of the U.S. share of 
patents, show average rates of citation with little notable 
change from 1980 to 1985.*° 


*The source for these data is CHI (1989). 

“Over the list of 55 SIC fields, the correlation coefficient R? between 
numbers of patents and citations per patent is 0.05 or less for each of the 
10 countries studied. 

*'These estimates were made by ranking each industry in terms of the 
citations per patent to U.S. inventors, divided by the citations per patent 
to all inventors. Correction is thus made for different rates of interpatent 
citation in different fields and also for the lower number of citations per 
patent in 1985 as compared with 1980. 

*Patenting data on aircraft and parts are confounded by the difficulty 
of distinguishing aircraft inventions from those in more conventional 
transportation technologies, such as motor vehicles. See U.S. Patent and 
Trademark Office (1985b). 

“Note again that citation data for 1985 patents are especially incom- 
plete. 


Text table 6-4. Citations from U.S. patents to earlier U.S. patents, by country of inventor or sector of 
patents 


owner of cited 
a. Country of inventor 
Year of cited United The United West 
patents States Japan Netherlands Kingdom Germany Canada France Switzerland italy Sweden 
Citations per citable patent 
Sb é kone cee 3.91 4.03 3.63 3.63 3.33 3.33 3.09 2.98 2.99 3.24 
ae 3.09 3.35 2.90 2.70 2.51 2.50 2.41 2.37 2.34 2.28 
WE wécbskthas 1.37 1.84 1.15 1.21 1.15 1.11 1.07 1.10 1.04 1.02 
b. Sector of owner, for U.S. inventors 
All U.S. inventors U.S. corporations U.S. Government U.S. individuals Foreign owners 
Citations per citable patent 
Serre 3.91 4.15 3.00 3.34 4.13 
SE cntsesess 3.09 3.37 2.41 2.46 3.42 
1986 ......... 1.37 1.49 1.07 1.02 1.44 


Note: Numbers shown will increase, especially those for more recent years, as patents continue to receive more citations. 


SOURCE: CHI (1989). 


140 


Science & Engineering Indicators— 1989 


Japanese patents are especially often cited in transpor- 
tation equipment fields, as well as metal-working ma- 
chinery, nonelectrical machinery, and refrigeration ma- 
chinery. Japanese receive relatively few citations in some 
chemical-related fields, such as soaps and detergents, 
paints and varnishes, and drugs and medicines; the Jap- 
anese share of patents in these fields also tends to be low. 
On the other hand, Japanese patenting has grown sig- 
nificantly in fields like office, computing, and accounting 
machines and communication equipment and electronic 
components. These fields are still not among those most 
frequently cited for Japanese patents, though citation to 
them is greater for 1985 cited patents than for 1980 cited 
patents.* 

Citations to U.S.-Owned Patents, by Sector of Owner. 
The patents owned by Americans can be further divided 
according to the different classes of owners. (See text table 
6-4b.) U.S. corporations own the patents that are most 
often cited, while patents owned by the U.S. Government 
or U.S. individuals are cited least often.* U.S. corporations, 
in 1975 and 1980, received patent citations as often as 
Japanese patenters. Since almost all Japanese patents filed 
in the United States are owned by corporations,» it may be 
more appropriate to compare the citations received by 
Japanese (and other foreign) patents with those received 
by U.S. corporation-owned patents. By this measure, U.S. 
inventors did as well as Japanese inventors in 1975 and 
1980. However, the limited data available suggest that this 
may not be true for 1985.” (See text table 6-4.) 

Patents granted to U.S. corporations in 1985 were cited 
especially often in the fields food and kindred products 
and ordnance, excluding missiles. They were least often 
cited in railroad equipment and in motorcycles and bi- 
cycles and parts. 


*For 1980 patents, the average Japanese patent has received 1.13 times 
as many citations as the average world patent. In office, computing, and 
accounting machines, this ratio is 1.05, and for communication equipment 
and electronic components, it is 0.99. For 1985 patents, Japanese patents 
have risen to a citation rate 1.33 times the world average. Patents in 
communication equipment and electronic components have been cited 
1.16 times the world average, and those in office, computing, and account- 
ing machines 1.11 times the world average. Thus, these fields have shared 
in the rise in citations to Japanese patents, though they still lag behind the 
average for all fields. 

*In this case also, the patents with different classes of owners have 
different distributions by technical field. (Cf. footnote 28.) The 1980 data 
have again been recalculated using the same distribution, that for the 
whole U.S., for each owner class. The result is: 


¢ US. corporations, 3.32; 

¢ Foreign owners but US. inventors, 3.25; 
¢ US. individuals, 2.62; and 

¢ US. Government, 2.55. 


This does not change the ranking of the owner classes, except in the case 
of foreign owners but U.S. inventors, which represents only a small group 
of patents. On the other hand, U.S. corporations are now ahead of 
Japanese inventors for 1980 cited patents. 

Additional data from the patent office show that, in 1987, 96 percent 
of U.S. patents granted to Japanese inventors were owned by ‘‘foreign 
corporations.” Virtually all of these corporations would be Japanese. 
Another 3 percent were owned by foreign individuals, and 1 percent had 
American owners. 

*This result is not affected by differences in the U.S. and Japanese 
distributions of patents by field. 
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The role of small business within the science and tech- 
nology system has received greater attention as concern 
grows about the Nation’s competitiveness. Small business 
is widely believed to be highly innovative—responsible 
for many of the new products and processes introduced 
into the economy.* The creation and growth of small 
high-tech companies are thus of particular interest as they 
contribute to the Nation’s ability to develop, adopt, and 
diffuse new technologies. 

This section concentrates on small firms operating in 
high-technology industries. It covers indicators of the ac- 
tivities of small business in high-tech industry overall, as 
well as providing more detailed information on the finan- 
cial environment for small high-tech enterprise. 

Throughout this discussion, the following terms are 
used; these follow conventions used by the U.S. Small 
Business Administration (SBA): 


¢ Establishment or company—a business entity that may 
or may not be part of a larger complex. 


e Firm or enterprise—an establishment that is either a 
single location with no subsidiary or branches, or the 
topmost parent of a group of establishments. 


© Small business—firm with less than 500 employees 
(those with 500 or more employees are described as 
medium or large). 


The definition of high-tech firms is more complex. For 
this analysis, those industries identified by the Depart- 
ment of Commerce’s DOC-3 definition as manufacturing 
high-tech products are used. By this definition, a high-tech 
industry must produce products that have an R&D inten- 
sity significantly higher than that of other products. R&D 
intensity is arrived at with the help of an input-output 
table that includes both the direct and indirect R&D 
expenditures attributed to a product as a percentage of net 
sales.” 


Characteristics of Small High-Tech Enterprises 


Small businesses account for 99 percent of all estab- 
lishments operating in the United States.“ Although small 
businesses operating in the high-tech fields comprise a 
smaller share of the total than they do in the economy as a 
whole, they still represent almost 89 percent of all high- 
tech establishments.*! 


*In a 1982 study done for the U.S. Small Business Administration 
comparing innovation between small and large firms, it was found that 
small firms produced 2.4 times as many innovations as large firms per 
employee. See Futures Group (1984); Hanson, Stein, and Moore (1984), 
pp. 105-28; and U.S. SBA (1988), pp. vii-ix. 

*Indirect R&D expenditures describe the R&D content of input prod- 
ucts. For additional information on DOC-3, see U.S. DOC (1983), pp. 
33-37. See also the discussion in chapter 7 for a list of industries included 
in DOC-3. 

“See Social & Scientific Systems, Inc. (1989). 

“It is not surprising that small business accounts for a larger share of 
operating establishments in the rest of the economy than in the high-tech 
sector. The identification of high-technology industries is based on re- 
ported R&D expenditures. Such expenditures are not commonplace in 
many of the service industries that make up much of U.S. small business 
(e.g., restaurants, service stations, grocery stores, medical services, etc.). 


Distribution of Companies by Field. A data base of 
high-technology companies, the Corporate Technology 
(CorpTech) Information Services, Inc., database provides 
additional information about small businesses currently 
active in high-tech fields.** Companies involved in com- 
puter software activities and high-tech service companies 
each account for 17 percent of the companies in the data 
base. (See appendix table 6-13.) The next most active field, 
subassemblies and components, accounted for 10 percent 
of all companies. Small businesses represented: 


© 98 percent of the firms active in the computer software 
field, 


© 97 percent of firms active in the photonics and optics 
field, and 


© 96 percent of high-tech service firms and tests and 
measurements firms. 


In fact, in 12 of the 17 high-tech fields categorized in the 
CorpTech data base, small businesses accounted for at 
least 90 percent of the total active firms within each 
category. Clearly, small business drives U.S. activity in 
high-technology areas. 

Distribution of Companies by State. Of the 50 states, 
California can claim the greatest number of small high- 
tech firms—23 percent. Massachusetts (9 percent), New 
York (7 percent), New Jersey (5 percent), and Texas (5 
percent) also can boast large concentrations of high-tech- 
nology businesses. (See figure 6-6 and appendix table 6- 


“The CorpTech data base attempts to be all-inclusive, but—by 
CorpTech’s own estimate—includes only about 50 percent of the total. 
When prospective companies are identified, they are sent questionnaires 
covering their size, status (private or public, independent, subsidiary, or 
joint venture), year formed, and product groups in which they are active. 
The version of the data base used in this report (version 3.3, March 1989) 
includes over 30,000 companies. 


Note: None of the “other states” exceeds 3 percent. 
See appendix table 6-14. Science & Engineering !ndicatore— 1969 
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14.) While California and Massachusetts spawn many new 
high-tech companies, the data suggest that as these com- 
panies grow larger, many merge or are bought out by large 
firms located outside of those two states. New York, Penn- 
sylvania, Illinois, and Ohio have a higher concentration of 
large high-tech firms than small; the opposite is true for 
California and Massachusetts. 

Company Earnings and Ownership. Over 40 percent of 
the small high-tech companies in the CorpTech data base 
have earnings under $2.5 million. Almost 80 percent earn 
under $25 million. (See appendix table 6-15.) 

In this data base, approximately 11 percent of the high- 
technology companies operating in the United States are 
under foreign ownership. (See appendix table 6-16.) The 
United Kingdom has, by far, the largest U.S. presence, 
followed by Japan and West Germany, which have an 
almost equal number of companies under their ownership. 


Performance of High-Technology Small 
Business Establishments 


An examination of small companies formed and shut 
down within industries can give some indication of areas 
of growth—as well as areas of concern—within the U.S. 
economy. Taken one step farther, such a comparative 
analysis within high-technology fields can highlight in- 
dustries that may need greater attention by policymakers. 

Small business establishments operating in high-tech 
fields prospered better than other small businesses during 
1981-86. The high-technology community had a net gain 
of close to 30,000 establishments during that 6-year period, 
made possible by a formation Alosure rate exceeding 2 to 
1. Some 339,000 small business establishments were added 
in other areas of business, but these gains were realized in 
a far less successful environment; this was evidenced by a 
formation Alosure rate of 1.2 to 1. (See figure 6-7 and ap- 
pendix table 6-17.) 

A larger number of technology-related service estab- 
lishments were formed during 1981-86 than high-tech 
manufacturing establishments, but the number of closures 
was not proportionate. This is in part explained by the 
lower start-up capital generally needed by service busi- 
nesses; this permits a greater number of formations and 
greater longevity due to the lower debt burden. Service 
companies’ major investment is usually in human capital 
which is more adaptable to the unforeseen tuning often 
required once the market is entered.* 

During 1981-86, the greatest number of new small man- 
ufacturing establishments were created in the communica- 
tion equipment and electronic component industries, fol- 
lowed by the industries involving professional and 
scientific instruments. Computer and data processing 
companies comprised over one-half of all technology-re- 
lated service firms formed during the 6-year period ex- 
amined. 

Another useful indicator of the level of activity in an 
economic sector is employment. In 1986, small high-tech 


“For a general discussion of the growth of S/E employment in services 
and manufacturing sectors, see chapter 3. 
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manufacturing establishments employed more than 
739,000 people, up 23 percent from about 600,000 in 1980. 
(See appendix table 6-18.) 

In three technology-related service industries (compu- 
ter and data processing services; engineering, architectur- 
al, and surveying services; and noncommercial educa- 
tional, scientific, and research organizations), 782,000 
people were employed by small business establishments 
in 1986, compared to 544,000 in 1980—an increase of 44 
percent. Employment at technology-related service com- 
panies grew faster than in high-tech manufacturing 
companies: this is more a function of the new service 
establishments formed during this time than expansion at 
existing establishments. 

A comparison of the gains in employment made in 
high-tech industries relative to the rest of the economy 
provides some perspective on their success. (See appendix 
tables 6-18 and 6-19.) Employment in the technology-re- 
lated industries overall was 28 percent higher in 1986 than 
in 1980, while total private sector employment grew by 
about 11 percent. Concurrently, employment in small bus- 
iness establishments in the technology-related industries 
grew by 33 percent, while employment in all small busi- 
nesses grew by 11 percent. The average annual rate of 
growth in high-tech small business employment during 
1980-86 is more than twice the rate of growth in small 
business employment in the entire U.S. economy. 

Despite the gains in numbers employed by small high- 
tech companies, these companies still account for a sub- 
stantially lower share of total high-tech employment than 
is accounted for by small businesses in the U.S. economy 
as a whole. In 1986, small business establishments ac- 
counted for 35 percent of all employment in manufactur- 
ing industry in the United States,“ and about 50 percent of 
employment in the private sector as a whole. Small high- 
tech establishments employed 17 percent of total high-tech 
manufacturing employment and 26 percent of employ- 


“See U.S. SBA (1988), p. 62. 
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ment at all technology-related establishments during that 
year. 

However, an examination of the new companies formed 
during 1980-86 suggests that this could change. For each 
new technology-related small business establishment 
formed during this period, another eight workers (on av- 
erage) were employed—compared with seven workers at 
all other small businesses. Even more encouraging for 
proponents of high-tech business development is that each 
new high-tech manufacturing small business establish- 
ment added 16 workers on average. The net gain (forma- 
tions minus closures) in high-technology manufacturing, 
establishments numbered over 6,000 workers, with an 
average employment of 15. 

The apparent vitality of the small high-tech business 
sector is even more striking when it is considered that 
some of the businesses that were counted as high-tech 
small business establishments in 1980 were counted as 
large businesses by 1986, due to either their growth or their 
merger with or purchase by other firms. By 1986, 1,195 
establishments in the technology-related industries—for- 
merly counted as small businesses in 1980—lost that status 
either because of internal growth or because merger and 
acquisition activity had made them parts of larger en- 
terprises. (See appendix table 6-20.) These establishments 
represent approximately 3 percent of the small establish- 
ments that were still operating in technology-related fields 
in 1986. When viewed against the experience of non-high- 
tech establishments during 1980-86, small firm establish- 
ments in high-tech industries grew out of the small busi- 
ness classification at close to twice the rate of like-sized 
businesses operating in non-high-tech industries. 

The tendency for small high-technology businesses to 
become medium or large varies considerably among in- 
dustries. High-technology manufacturing establishments 
were more likely to grow or merge into large businesses 
than establishments performing high-tech services; these 
manufacturing establishments accounted for 55 percent of 
all technology-related establishments that changed size 
status, but 67 percent of the gain in employment. 

Manufacturing companies that operate in the commun- 
ication equipment and electronic components industries 
showed the strongest tendency to leave the small business 
classification, followed by those companies producing 
professional and scientific instruments and office, com- 
puting, and accounting machines. 

Computer and data processing service companies 
showed a surprising movement out of the small business 
category, accounting for 289 of the 540 technology-related 
service companies that expanded and over 23 percent of 
the employment gains. Technology-related service com- 
panies tend to behave like manufacturing companies as 
they achieve long-term success, they expand and solidify 
their presence through expansion and merger. 

Consequently, if those companies that grew out of the 
small business classification were included in the exam- 
ination of the employment gains by high-tech small busi- 
ness establishments during 1980-86, it would show even 
greater success. 


Venture Capital and High-Technology Enterprise 


The growth of small businesses and the introduction of 
new products require access to pools of capital. Compared 
to larger firms, small businesses—particularly new firms 
that seek to develop and exploit a new technology—are 
handicapped by lack of a financial track record and by 
narrowness of business activities. These factors combine 
to make it difficult for a firm to secure traditional financial 
support. i.e., obtain bank loans or sell equity in the stock 

In the United States, the need for financing for 
small innovative firms has been at least partially met by a 
variety of funding mechanisms. These include an active 
venture capital industry (described below), small-equity 
markets—such as the NASDAQ listings and markets 
made by individual stock brokerages—and other financ- 
ing systems, such as personal funds, funds from wealthy 
families and individuals, and trust funds. 

Venture capitalists make investments in small and young 
rapidly growing companies that may not have access to 
public or credit-oriented institutional funding. Their in- 
vestments may be divided into two classes:* 

1. Early stage investments support the entrepreneur or 

inventor up through initial commercial manufactur- 
ing and sales. 


2. Later stage financing supports firms that are produc- 
ing and shipping, but are not yet able to finance 
substantial expansions and investments in plant. 
Later stage financing is typically geared toward the 
sale of stock to the public, known as the initial public 
offering (IPO). 

Most venture capital investments are equity-related, 
either through direct purchase of stock or through options 
and other equity-related arrangements. These investments 
usually emphasize long-term (5- to 10-year) opportunities, 
and involve the investors closely with the operations of the 
capital recipient, frequently through participation on the 
board of directors. 

The pool of capital managed by venture capital firms 
grew dramatically during the 1978-87 period as venture 
capital emerged as a strong source of finance for small 
innovative firms. (See figure 6-8 and appendix table 6-21.) 
In 1987, capital managed by venture capital firms totaled 
$29 billion; this was eight times the amount available in 
1978. During 1983, the total pool of capital grew by 59 
percent as a result of a sharp increase in net new private 
capital commitments. The next 4 years followed the lead 
set in 1983 and the momentum of the Nation’s economic 
recovery. From 1982 to 1987, the pool grew at more than 
twice the average annual rate of the previous 4 years. 

Faced with declining rates of return in the more tradi- 
tional investment instruments, pension funds looked to 
the equity markets for better earning potential and became 
the source of much of the new venture capital resources.” 
Pension-sourced money committed to venture capital 


“The definitions and discussion used here are based on Venture Eco- 
nomics, Inc. (1988). 
“See U.S. DOC (1988), p. 54-3. 
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firms grew at a compound annual rate of 64 percent during 
1978-86. During the period 1984-86 when foreigners, cor- 
porations, and insurance companies reduced funds 
directed to venture capital firms, pension funds increased 
theirs at an average annual rate of 24 percent. 

During the last 5 years studied, new capital commit- 
ments exceeded disbursements by the venture capital in- 
dustry, even when debt financing and leveraged buyout 
financing are taken into account. Thus, there is apparently 
a surplus of venture funds seeking outlets in new or ex- 
panding innovative firms. But the venture capital industry 
is highly sensitive to changes in both the economy and the 
political environment (e.g., treatment of long-term capital 
gains). For example, if data were available on a quarterly 
basis, there would most likely be a sharp decline during 
the fourth quarter of 1987 and during 1988 following the 
market crash on October 19, 1987. 

Throughout the period 1984-87, firms producing com- 
puter and computer-related products received the larg- 
est—albeit declining—share of both early and later stage 
investments. Other industries that received substantial 
venture capital investments were the communications in- 
dustries and those producing electronic components and 
other electronic ucts (including instruments). 

IPOs are an indicator of new firms’ financial de- 
velopment. At this stage, a firm is presumably well enough 
established—either through access to superior technology 
or through actual production and sales capability—that it 
can raise money through the stock market. Funds raised in 
this manner increased erratically during the n= ll 
iod. (See appendix table 6-23.) IPOs generated $478 million 
for small firms in 1984 and $345 million in 1985; they then 
jumped to $1.4 billion in 1986 before dropping back to $1.2 
billion in 1987. 

High-tech industries met with varying degrees of suc- 
cess with IPOs. The computer and computer-related in- 
dustry received the bulk of such investment reported in 
1984—54 percent of all venture-backed IPOs generated by 
small businesses. Its share has declined steadily since then, 
however, accounting for 25 percent in 1987. During 1987, 


commercial communications, telephone, and data com- 
munication firms were able to attract almost four times the 
dollars raised the previous year. The “information boom’’ 
continues to provide an incentive for investment in firms 
specializing in products that facilitate the compilation and 
transfer of data. 


Small Business and Biotechnology 


The biotechnology industry is a particularly good ve- 
hicle for analyzing small business in the S&T system. It is 
an industry that has a large science component, using 

such as recombinant DNA and hybridomas 
that are the continuing subject cf intensive work in univer- 
sity and private basic research laboratories. Also, it is an 
industry that—considering its small size—performs a sig- 
nificant and increasing amount of R&D, employing thou- 
sands of scientists and engineers.” 

According to the CorpTech data base, there were 717 
companies and 438 independent firms active* in the var- 
ious fields of biotechnology during 1988; of these, 414 
would be classified as “small business” using the SBA 
criterion. The vast majority of the small companies active 
in biotechnology are privately held businesses. More than 
half of the companies are involved in either genetic en- 
gineering and/or producing equipment for the biotech 
industry. Before 1980, only 371 biotech companies were 
formed in the United States—346 have been formed since 
then. 

Small biotechnology companies sometimes look to R&D 
contracts for revenues and leave the larger firms respon- 
sible for bringing the products that evolve to market. For 
example, small companies have contributed significantly 
in the development of recombinant DNA drugs, but have 
most often sold the rights to these products to large firms 
that have the internal structures in place to bring the 
product successfully to the marketplace.” 

While revenues have climbed dramatically over the last 
few years (from $60 million in 1984 to $500 million in 1987), 
earnings of billions of dollars are often projected for the 
early 1990s. With the aging of the populace and the pro- 
liferation of the AIDS virus, health care is touted as the 


“R&D performed at firms active in biotechnology increased by over 50 
t during 1984-87, reaching an estimated $1.4 billion in 1987. See 
NSF (1988b). 
“Activity” means either production, sales, or R&D activity in the 
fields defined by the data base as biotechnology. 
“U.S. DOC (1988), pp. 22-4 to 22-8. 


fieid from which biotechnology will derive its greatest 
revenues over the next couple of years.” 

Biotechnology (including recombinant DNA, mono- 
clonal antibodies and hybridomas, and other genetic en- 
gineering) has received small, but increasing, amounts of 
venture capital during the years for which data are avail- 
able, receiving about $63 million in early and later stage 
investment in 1984 and $206 million in 1987. In 1986, there 
was a surge of venture-backed IPOs by biotechnology 
firms, with almost $270 million raised, or 19 percent of the 
total capital raised in this fashion. In 1987, however, finan- 
cial resources raised through IPOs by biotechnology firms 
were cut in half. Firms in most other high-tech fields fared 
better. (See appendix tables 6-22 and 6-23.) The erratic 
experience with IPOs is a reflection of the rollercoaster 
expectations that the marketplace has ascribed to the bio- 
technology industry. 

The 3 years following 1985 have shown a steady decline 
in new biotech companies. Whereas some of the decline 
can be attributed as a correction to the past e in 
growth, the industry is facing some difficult problems that 
are also contributing to the slowdown. 

The projected market values of biotechnology break- 
throughs have fallen short of expectations as the reality of 
bringing the new products to market encounters cost- 
adding and time-consuming hurdles such as protracted 
periods of testing and government scrutiny that can delay 
market entry. Patent infringements—especially foreign 
violations—are becoming more commonplace”! and are 
siphoning off revenues that could support growth and 
new research in the industry. 

The biotechnology industry provides a microeconomic 
perspective of small business that has its origin in, and 
whose continued existence is dependent upon, new sci- 
ence and technology. It is an industry whose products 
have generated a great deal of interest and controversy in 
many sectors of society. As the industry matures, it will be 
interesting to observe whether small companies can con- 
tinue to prosper in a business environment that is certain 
to become more litigious and, consequently, more cau- 
tious about the industry’s outputs. 


“Ibid. 
*'See Clemens and Boroughs (1988). 
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The Global Markets for U.S. Technology 


HIGHLIGHTS 


© During the period 1970-86, the United States was consistent- 
ly the leading supplier of high-technology products in the 
global ma . But its lead position declined from a 
51-percent share held in 1970 to its 42-percent share in 
1986. Japan doubled its global market share during this 
period, rising from 16 percent in 1970 to 32 percent in 
1986. (See p. 150.) 


© The United States is the world’s largest market for high-tech- 
nology goods, consuming almost half of the high-tech products 
sold globally. While U.S. ucers were the dominant 
suppliers to the domestic market during 1970-86, they 
gradually and consistently lost market share to foreign 
producers. (See p. 151.) 


© The United States exports a far lower share of its high-tech- 
nology products (15 percent of its high-tech production in 
1986) than do other industrialized countries (West Germany, 
61 percent; United Kingdom, 54 percent; France, 38 percent; 
and Japan, 22 percent). Still, the United States was the 
world’s leading exporter of high-tech products until 
1986, when it was overtaken by Japan. (See p. 152.) 


© The U.S. trade surplus in high-tech goods declined steadily 
during the 1980s, and suffered its first trade deficit in 1986. 


The global marketplace can be considered the commer- 
cial proving ground for a country’s science and technology 
(S&T). It is in the marketplace that technological advances 
in the form of new products or processes are evaluated. 

A major share of the U.S. research and development 
(R&D) effort is accounted for by private firms using pri- 
vate funds. The presumed goal of these investments in 
S&T is to develop a technological advantage that can be 
exploited profitably. Research and development are ex- 
pensive activities that require firms to commit substantial 
resources over extended periods of time and to assume the 
risk should these investments not prove profitable. Private 
R&D investment, which accounts for about one-half of 
total U.S. R&D, is ultimately judged by the successes and 
failures of its outputs—new products and processes. 

Private financing of the innovation process depends on 
firms’ access to markets and on their expected success in 
earning sufficient returns on R&D investments to justify 
further investment in R&D. Well-functioning markets pro- 
vide the monetary rewards for ‘‘good science and engi- 
neering’ when these efforts lead to technology that is 
accepted in the marketplace. 


In 1987, the United States once again registered a small 
trade surplus in high-technology goods, with U.S. ex- 
ports of aircraft and related parts leading the way. (See 
p- 153.) 


© U.S. high-technology manufacturing firms maintain a sig- 
nificantly higher portion of their assets in foreign affiliates (42 
percent of total assets) than do other U.S. manufacturers (30 
percent). U.S. manufacturers’ foreign affiliates are con- 
centrated in Europe. In addition to equity investments 
in foreign affiliates, U.S. high-tech multinationals enter 
into agreements with foreign firms to have them supply 
parts and components to support production oppor- 
tunities back in the United States. Data on this aspect, 
however, remain anecdotal. (See p. 155.) 


© The United States licenses considerably more technological 
know-how to foreign firms than it buys. U.S. receipts from 
the sale of patent licenses to foreigners have been, on 
average, four times that paid out by U.S. firms for access 
to foreign technological know-how. Japan is by far the 
largest customer, accounting for 41 percent of such U.S. 
revenues in 1987. (See p. 156.) 


U.S. competitiveness in the global marketplace engen- 
ders the widespread concern regarding the ability of U.S. 
producers both to export and compete against imports in 
their home market. The U.S. S&T system plays an impor- 
tant role in U.S. competitiveness.' Skilled and timely ex- 
ploitation of emerging technological possibilities clearly 
contributes to the Nation’s competitiveness by generating 
lower costs and new and better quality products. Examina- 
tion of U.S. firms’ performance in the global marketplace 
provides useful indicators to identify strengths and weak- 
nesses in the Nation’s S&T system. 

This chapter brings together several data sets describing 
the domestic and foreign markets for U.S. technology so 
as to examine the activities of U.S. firms in the global 
marketplace—particularly in high-technology areas—and 
thereby assess the relative strength of U.S. industry in 
global competition. 


‘Milberg (1988) argues that an industry's innovativeness is dependent 
upon progressive R&D expenditures, and that such expenditures should 
be considered a necessary investment to support its position in the global 
marketplace. 


U.S. COMPETITIV\:NESS IN THE MARKETPLACE 


The large U.S. trade deficits of recent years have focused 
attention upon the country’s international economic com- 
petitiveness. In 1986, for the first time ever, the U.S. balance 
of trade in high-tech goods was negative, prompting in- 
creased concern about the role of science and technology 
eNG and eattaring US. leadership in the global 


The ve vetioeship between S&T and market competitive- 
ness is circular: science and technology support U.S. com- 
petitiveness in the national and international trading sys- 
tem, and commercial success in the global marketplace 
provides resources to help support new science and tech- 
nology.? The contribution of research and development 
and other science and engineering (S/E) activities to the 
Nation’s economic performance is therefore indirectly 
measured by its success in the global marketplace. 

This section discusses “competitiveness,” broadly de- 
fined as the ability of U.S. firms to sell products in the 

global market. The analysis draws heavily on data com- 

psd by he by the Organisation for Economic Co-operation and 

t Wt OECD) and the U.S. t of Com- 

merce se DOC). OECD compiles data from 25 advanced 

industrialized countries including the United States, Ja- 

pan, and the European Community.’ These data are pre- 

sented for all manufactured goods and high-tech prod- 
ucts.* © 

Researchers have used several methods to identify in- 
dividual industries or product ps as “research in- 
tensive” or “high technology.” These methods usually 
employ some measure of the R&D effort undertaken in the 
industry or product group, normalized for industry size.° 


*Dornbusch, Porteba, and Summers (1988) describe a higher propensity 
by manufacturing firms to invest in research and development than firms 
in other sectors of the U.S. economy. They point out that ‘“‘manufacturing 
companies invest 90 times as large a share of their value added in R&D 
as do companies in other sectors.” 

*The 25 countries to OECD are: Australia, Austria, Bel- 

/Luxembourg, Canada, Denmark, Finland, France, Greece, Iceland, 

Italy, Japan, The Netherlands, New Zealand, Norway, Portugal, 

Spain, Sweden, Switzerland, Turkey, the United Kingdom, the United 

States, West Germany, and Yugoslavia (Yugoslavia participates in OECD 
with a ial status). 

‘The data are expressed in current U.S. dollars at official ex- 

rates. Fluctuations in the exchange rate and differences 
in the price levels between each country and the United States can distort 
cross-country, time-series comparisons for products isolated from for- 
eign competition. 

Most manufactured products of the United States and the other OECD 
countries are exposed to foreign competition in their home markets as 
well as in foreign markets, thereby reducing the effect currency fluctua- 
tions will have on measurement of trade flows. Furthermore, in the 
following discussion, care has been taken to minimize any distortions 
caused by the terms of value used. Where distortions cannot be avoided, 
trends are appropriately qualified. 

Data used in tis chap are compiled by government agencies an 
international organizations. These data benefit from —_— 
the collectors to employ uniform definitions and standards po | 
for any remaining slight differences among countries’ definitions, con- 
cepts, and data collection and reporting practices, attention here is pri- 
marily on trends and significant fluctuations in data levels. 

*R&D expenditures as a percentage of total sales, and scientists and 
engineers employed in R&D as a percentage of total employment, are two 
prominent examples of this approach. See Boretsky (1982) and Kelly 
(1976). 
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In some industries, however, the relevant R&D is per- 
formed internally; in others, firms depend upon the in- 
novations of those upstream suppliers that provide input 
to their production processes. 

Both OECD and DOC identify high-tech products as 
those that have higher ratios of R&D expenditures to 
shipments than do other product groups. The OECD clas- 
sification used in this analysis is called “high intensity 
technology products”; it relies on directly applied R&D 
expenditures in its calculation and includes those products 
with above average R&D intensities. Direct R&D expendi- 
tures are those made by the firms in the product group. 
High-technology industries identified by OECD's defini- 
tion—and their respective international standard indus- 
trial classification (ISIC) codes—are: 


© Drugs and medicines (ISIC 3522); 

© Office machinery, computers (ISIC 3825); 
© Electrical machinery (ISIC 383 less 3832); 
© Electronic components (ISIC 3832); 

© Aerospace (ISIC 3845); and 


® Scientific instruments (ISIC 385). 


The Department of Commerce definition, also used in 
this analysis, identifies high-tech products as those prod- 
ucts that have significantly higher ratios of direct and 
indirect R&D expenditures to shipments than do other 
product groups. Indirect R&D describes the R&D content 
of input products. 

To address this complicated technological structure, 
DOC uses an input-output table to allocate the applied 
research and development expenditures of intermediate- 
goods producers among the final-goods producers. This 
allocation, when normalized by shipments, permits iden- 
tification of those ory higher of products whose total R&D 
intensity is significantly higher than that of other products. 
These product groups are owe collectively as the DOC- 
3 high-technology products.’ DOC-3 industries, and their 
respective Standard Industrial Classification (SIC) codes, 
are: 


® Guided missiles and spacecraft (SIC 376); 


* Communication equipment and electronic compo- 
nents (SIC 365-367); 


¢ Aircraft and parts (SIC 372); 


© Office, computing, and accounting machines (SIC 
357); 


© Ordnance and accessories (SIC 348); 
© Drugs and medicines (SIC 283); 
¢ Industrial inorganic chemicals (SIC 281); 


® Professicinal and scientific instruments (SIC 38 ex- 
cluding 3825); 


© Engines, turbines, and parts (SIC 351); and 


¢ Plastic materials and synthetic resins, rubber, and 
fibers (SIC 282). 


See Davis (1982). 


—12% 
Japan—27% 
Kingdom—5% 
West Germany—6% 
See appendix table 7-4. Science & Engineering indicators— 1989 


Comparisons of U.S. production data for “high intensity 
technology products”— as reported to OECD—with U.S. 
total shipment data for “high-technology” products—as 

rted to the Department of Commerce according to the 
DOC-3 definition— show that OECD data represented 96 
percent and 100 percent of DOC-3 data in 1980 and 1986, 


respectively. 


The Global Market for High-Technology Products 


The U.S. home market is the largest market for high-tech 
goods in the world. (See figure 7-1.) Consequently, an 
assessment of U.S. competitiveness in high-tech goods 
cannot be evaluated by our trade competitiveness—i.e., 
a comparison of our exports with our imports—alone. 
Rather, we must examine the country’s ability to sell high- 
tech products globally and domestically. 

The global market for high-tech sendeate is growing at 
a slightly faster rate than the market for other manufac- 
tured goods. (See appendix tables 7-1 and 7-3.) During the 
1970s, high-tech products represented approximately 12 
— of global production of all manufactured goods.* 

ring the 1980s, the global market for high-technology 
goods increased faster than the global market for other 
manufactured goods, and accounted for 16 percent of total 


production by 1986. 


*Production data, compiled by OECD, are used in lieu of shipment data 
to estimate the global market for high-tech and other manufactured 
products. OECD does not collect data on either shipments or changes in 
inventories; if inventory data were available, shipment data could be 
calculated from production data. Preduction data provide a reasonable 
approximation of worldwide activity, especially for trend analysis. 
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Over the period examined, 1970-86, the United States 
clearly reigned as the leading producer of high-tech prod- 
ucts, although its position was being challenged. During 
the 1970s, U.S. global market share declined as Japan, West 
Germany, and France each increased their production of 
high-technology products at a faster rate than did the 
United States. After 1980, the U.S. share increased and—by 
1985—approached its previously held level. In 1986, how- 
ever, U.S. market share fell once again, losing to Japan and 
West Germany.’ (See figure O-22.) 

Japan’s global market share, by contrast, increased dur- 
ing 1970-86—rising from a 16-percent global market share 
in 1970 to 32 percent by 1986. European producers’ global 
share declined steadily over the period, dropping from a 
peak of 36 percent in 1975 to a low of 21 percent in 1985. 
West Germany led European producers in 1986 with a 
7-percent market share, compared with 5-percent shares 
for France and the United Kingdom." (See figure 7-2 and 
appendix table 7-1.) 

As would be expected of major industrialized econo- 
mies, the U.S., Japan, and Europe have increasingly moved 

uctive resources toward the manufacture of more 
sophisticated, higher value, technology-related goods and 
away from more labor intensive products. In 1986, the 
value of U.S. high-tech products represented 17 percent of 
total production, up from 13 percent in 1975; high-tech 
products accounted for 13 percent of Europe's total pro- 
duction in 1986, compared with 10 percent in 1975. (See 
appendix table 7-3.) But it was Japan that made the greatest 


*The fall in the U.S. dollar vis-a-vis the currencies of the other major 
industrialized countries exaggerates this fall somewhat. 

‘Fluctuations in price levels and exchange rates affect these year-to- 
year comparisons. If these data could be adjusted to correct for such 
fluctuations, the relative positions of the United States and Japan would 
not change, whereas the individual positions of the European countries 
might realign somewhat. Japan’s and West Germany’s production are 
probably overstated to some degree and France's and the United King- 
dom’s production are probably understated. (See appendix table 7-2.) 
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ee es 


Tow! == $=Nomhightechnology §§ High-technology 


Note: Production data compiled by OECD are used to estimate the giobal 


market for manutactured 
See appendix table 7-1. Science & Engineering indicators— 1989 


transitional leap foward in this respect, pulling even with 
the U.S. in 1982 and surpassing it thereafter. 


The U.S. Market for High-Technology Products 


A country’s home market is often thought of as the 
natural destination for its manufactured output. For ob- 
vious reasons, marketing at home is easier than marketing 
abroad—e.g., proximity to the customer, common lan- 

ge, customs, and currency—and other advantages. 

But in today’s global marketplace, the most competitive 
product—almost regardless of its origin—wins the sale. 
When many sellers exist, the most competitive product is 
determined by its price, quality, and ability to satisfy the 
customer's needs. Buyers of most goods—but my — a 
high-technology goods—may weigh these factors di 
ently, but ultimately will choose based on consideration of 
these elements. Thus, in the absence of prohibitive trade 
barriers, a country’s home market is not a private domain 
for its native producers, and therefore needs to be included 
in the equation when examining global competitiveness. 

Comparison With Other Markets. As stated earlier, 
the U.S. market is the single largest market for the world’s 
production of high-tech goods. (See appendix table 7-4.) 
The U.S. market purchased over half of global production 
in 1970, with Japan—a distant second—consuming 15 per- 
cent. During the 1970s, other countries’ home markets 
aa faster than that of the United States, especially mar- 

in Japan and France: U.S. consumption fell to 41 
percent of worldwide consumption, while Japan’s market 
represented almost 20 percent and France as high as 9 


percent. 

But the 1980s brought with it a realization that U.S. 
competitiveness in the global market was eroding. One 
reason for this was deficient manufacturing systems. In 
response, U.S. industry began to retool its factories and 
mechanize many tasks formerly done manually. Subse- 
quently, the 1980s saw a resurgence in consumption of 
high-tech goods in the United States. During 1980-85, the 
U.S. market for high-technology products increased 
sharply, which left the relative size of other developed 
countries’ markets to decline in comparison or—as in Ja- 

uctuate downward. 

U.S. Market. U.S. producers of high-tech products 
benefitted from having their home market grow at such a 
pace; shipments within the United States increased over 
50 percent during 1980-86. But imports were attracted as 
well and, encouraged by a strong U.S. dollar, supplied an 
increasing share of total U.S. high-technology purchases. 
(See figure 7-3 and appendix table 7-6.) 

Imports supplied about 12 percent of U.S. purchases of 
high-tech products in 1980, rising steadily to 18 percent in 
1986. During 1980-86, Japan increased its U.S. market share 
faster than other suppliers, ultimately doubling its posi- 
tion in the U.S. market for high-technology products. In 
1980, U.S. purchases of Japanese high-tech products rep- 
resented 3.3 percent of total U.S. consumption; by 1986, 
this had jumped to 7.1 percent. 

European suppliers also increased market share during 
the 1980s, though they were far less successful than Japan. 
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Figure 7-3. 

U.S. imports of high-tech products as a percentage 
of the U.S. market: 1960-86 
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The East Asian newly industrialized countries (NIC)— 
which include Hong Kong, Singapore, South Korea, and 
Taiwan—increased their presence in the U.S. market as 
well, supplying 3.3 percent of U.S. consumption of high- 
tech products in 1986, up from 2.0 percent in 1980. 

A more detailed examination of the U.S. high-technol- 
ogy product market shows foreign producers gaining 
market share in all sectors. (See figure 7-4 and appendix 
table 7-7.) By 1986, foreign producers supplied over 20 
percent of U.S. consumption of computer products and 
electronic components. Of all the high-tech sectors, the 
aerospace industry experienced the greatest rate of in- 
crease in foreign competition in the U.S. market as imports’ 
U.S. market share rose from under 2 percent in 1970 to 11 
percent in 1986. 

Other Countries’ Home Markets. The U.S. market is 
not alone in its increased reliance on foreign technologies. 
From 1970 to 1986, while European producers of high-tech 
products steadily increased their shipments to their re- 
spective home markets, they still consistently lost market 
share to foreign suppliers. (See appendix table 7-5.) In fact, 
European ucers’ lost home market share was far more 
dramatic than that experienced by the United States. (See 
figure 7-5.) For example, in 1970, the United Kingdom's 
producers supplied 83 percent of their home market for 
high-technology products; by 1986, they supplied only 46 
percent. West German producers’ share of their high-tech 
market was 77 percent; this dropped to 45 percent by 1986. 
French high-technology producers fared better, but also 
lost market share to foreign producers as their share de- 
clined from 77 percent in 1970 to 62 percent in 1986. 

Of the major industrialized countries, only Japan's pro- 
ducers were able to hold domestic market share. In a 
market that experienced substantial growth during 1970- 
86, Japanese producers of high-tech products increased 
shipments to their home market accordingly and thereby 


Figure 7-4. 
import penetration of certain U.S. high-tech markets: 1970, 1980, and 1986 
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maintained market share of 93 percent to 95 percent 
throughout the 16-year period. 

Summary. The U.S. home market has shown consider- 
able growth during the 1980s and has attracted increasing 
amounts of the world’s production of high-tech goods— 
including that of U.S. manufacturers. The data appear to 
support the notion that the United States is a highly attrac- 
tive market for the world’s producers of high-technology 


Figure 7-5. 
Shares of home markets for high-tech products 


supplied by domestic producers, for major 
countries: 1970 and 1986 
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goods. U.S. producers of high-tech products still maintain 
a dominant position in their home market, but that posi- 
tion is being challenged by foreign manufacturers. 


Foreign Markets for High-Technology Products 


Historically, the United States has not been an economy 
oriented toward serving foreign markets. The sheer size of 
the U.S. economy provided the U.S. business community 
with large markets that supported its operations and gen- 
erally encouraged its expansion.'' Consequently, U.S. 
commerce looked to overseas markets mostly as an after- 
thought. Mounting trade deficits, however, are now incit- 
ing interest in expanding U.S. exports. This section ex- 
amines U.S. technology sales in foreign markets and the 
role exports have played over the years. 

The U.S. Experience. U.S. producers are important sup- 
pliers of high-tech products in the overseas market, but 
they have not been able to increase their market share to 
any significant degree.’ A comparison of U.S. producers’ 
share of the foreign market for high-technology products 
in 1970 and 1986 shows a gain of only | point, from 10 
percent to 11 percent.'’ (See appendix table 7-8.) 


'See Council of Economic Advisers (1989), pp. 234-38 

Foreign markets are calculated by subtracting total U.S. consumption 
of high-tech products from OECD production of high-tech products 

The exchange rate between the U.S. dollar and a trade-weighted 
average for the currencies of the other major industrialized countries was 
fairly stable for these 2 years 


The United States consistently exported a larger share of 
its high-technology manufactures than non-high-technol- 
ogy manufactures. (See appendix table 7-9.) In 1978, about 
18 percent of U.S. shipments of high-tech products were 
exported, compared with 4.5 percent of non-high-tech 
manufactured products. By 1986, the gap closed some- 
what; high-tech exports still represented close to 18 per- 
cent of total high-tech shipments, but non-high-tech ex- 
ports increased to almost 6 percent of total non-high-tech 
shipments. 

Experience of Other Countries. By contrast, U.S. com- 
petitors have long emphasized exports of their high-tech- 
nology products. (See appendix table 7-12.) In 1986, the 
United States exported 15 percent of its high-tech produc- 
tion, com with 22 percent by Japan and substantially 
higher levels by the European countries. 

Comparing each country’s exports to its domestic ship- 
ments reveals the role foreign sales have played in each 
country’s high-tech industries. During 1970-86, all of the 
other major industrialized countries exhibited compara- 
tively greater tendencies to export than did the United 
States. (See figure 7-6 and appendix table 7-13.) West Ger- 
many’s exports of high-technology products increased 
from half the size of its domestic sales in 1970 to 1.5 times 
its domestic shipments by 1986. Exports by the United 
Kingdom of high-tech products exceeded its domestic 
shipments of such products starting in 1984 and did so 
each year thereafter. France, with a home market com- 
parable in size to that of West Germany, is less export- 
oriented than other European countries, but nevertheless 
had a much higher export/domestic shipment ratio than 
the United States. 

Like that in the United States, Japan’s strong home 
market for high-technology goods absorbed a larger share 
of its high-tech shipments than that accounted for by sales 
to foreign markets. Still, Japan’s high-technology industry 
is considerably more export-oriented than is U.S. industry. 


Figure 7-6. 
Ratio of exports to domestic shipments for high-tech 
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In 1986, the ratio of Japanese exports of high-tech products 
to domestic shipments was 0.3 to 1, up from 0.2 to 1 in 1970. 
In comparison, the U.S. export/domestic shipment ratio 
followed an irregular trend during the 16-year period 
examined. Even at its peak in 1980, it did not exceed 0.2 
to 1. 

U.S. Exports by Sector. While it is apparent that U.S. 
domestic sales of high-tech products far exceed its exports, 
that tends to obscure what continues to be a strong de- 
mand for U.S. high-technology products in foreign mark- 
ets. In fact, the United States was the world’s leading 
exporter of these until recently, when it was overtaken by 
Japan. (See appendix table 7-10.) In 1986, Japan supplied 
24 percent of world exports of high-technology products; 
the United States’ share was 22 percent. 

Throughout the period examined (1978-86), exports of 
aircraft and related parts topped the list of U.S. high-tech 
exports, followed closely by exports of communication 
equipment and electronic components and of office and 
computing machines. (See appendix table 7-9.) Together, 
these three high-tech product groups account for a large 
and increasing share of all U.S. high-technology exports 
(68 percent in 1986, up from 60 percent in 1978), as well as 
of all manufacturing products (29 percent in 1986, 22 per- 
cent in 1978). Exports of computers and related equipment 
(office and computing machines) showed the most growth 
among the high-technology products, registering a three- 
fold increase during the 1978-86 period." 

From 1976 through 1985, the United States maintained 
a consistent trade surplus for the identified high-tech 
product groups, and imported more than it exported of 
other manufactured products. (See appendix tables 7-14 
and 7-15.) Since 1980, U.S. high-tech exports have con- 
tinued to grow, but U.S. imports have grown faster. As a 
result, the U.S. high-technology trade surplus has declined 
substantially, dropping from about $27 billion in 1980 to 
under $4 billion in 1985. In 1986, the United States ex- 
perienced its first trade deficit in the high-technology sec- 
tor, with exports of $72.5 billion and imports of $75.1 
billion. During 1987, U.S. trade in high-technology prod- 
ucts (exports plus imports) jumped close to 14 percent over 
1986, and returned to a slight surplus position as exports, 
once again, exceeded imports. 

By contrast, the U.S. balance of trade for non-high- 
technology goods has been in deficit since 1975. During the 
1980s, the U.S. annual trade deficit in this sector grew 
dramatically from $4.7 billion in 1980 to over $138.0 billion 
in 1987. 

Summary. U.S. industries with high levels of R&D ac- 
tivities apparently maintain a comparative trade advan- 
tage—although this advantage is weakening. By inference, 


‘Companies in these three product groups also were particularly 
intensive in their R&D performance. In 1985, company-funded R&D 
expenditures in the industries associated with these products were about 
$19 billion, or almost 37 percent of the total industry-funded R&D effort 
in the United States. (See NSF, 1986.) Moreover, this measure probably 
understates the importance of these industries to the U.S. commercial 
R&D endeavor, since they also provide important markets for a variety 
of high-technology inputs and encourage R&D expenditures in various 
supplier industries. 


those U.S.-manufactured products that contain high levels 
of R&D inputs seem to be more competitive in foreign 
markets than do non-high-tech U.S. products. Increased 
competitiveness overseas provides additional revenues; 
this in turn provides resources for new private investment 
in R&D. The circular path of reinforcement of science and 
technology and U.S. competitiveness can be aided by suc- 
cess in foreign markets. 


INDIRECT CHANNELS FOR INTERNATIONAL 
DIFFUSION OF U.S. TECHNOLOGY 


Profitable international diffusion of an innovation— 
whether through exports, affiliate sales, or licensing to a 
foreign producer—helps to finance and justify the inno- 
vator’s R&D expenditures and thereby encourage new 
innovative activities. This section examines the trends of 
technology diffusion by U.S. firms through their various 
investments in foreign markets. 


U.S. Direct Investment Abroad 


Motivation for U.S. Foreign Investment. One way US. 
firms sell or transfer their products in foreign markets is 
by establishing production facilities in other countries. 
U.S. high-tech firms establish overseas operations in an 
effort to maximize revenues by exploiting all avenues to 
enhance the firm’s ability to compete. 

Firms establish overseas operations for many diverse 
reasons—to take advantage of lower operating costs, to 
avoid tariffs anc /or other nontariff barriers in the host 
country, to better serve a market in which they have al- 
ready achieved some success to name a few. The decision 
to invest overseas also may be related to the technology's 
age, with innovations initially exploited through exports, 
and production moving offshore as the product or process 
matures.'° 

Relative costs of production in the United States and in 
foreign countries are another factor. When production 
costs are substantially lower outside the United States, 
some level of production will, in time, be shifted overseas. 
These foreign affiliates will then tend to serve that country 
and region and may even replace U.S. production, espe- 
cially for mature products whose manufacture incorpor- 
ates readily available technical expertise and equipment. 
The movement toward such global manufacturing in- 
volves not only the manufacture of final products, but 
increasingly of parts and components that are then used 
to support final product manufacturing back in the United 
States." 

When a high-tech firm establishes a facility offshore, it 
expects to exploit some advantage it possesses, generally 
in the uniqueness of its product or its ability to service a 


"See Vernon (1966) and Hufbauer (1966) for more extensive discussion 
of the “product cycle.”’ 

‘In addition, U.S. multinationals are, with increasing frequency, enter- 
ing into agreements with individual foreign manufacturers to have them 
supply parts and components that were formerly manufactured in the 
United States. 


154 


market. New technologies and innovations generally are 
not transferred overseas until the later stages of the prod- 
uct cycle. By inference, these investments in foreign af- 
filiates involve technologies that were introduced years 
before. 

How much technical expertise or know-how is actually 
transferred when facilities are established overseas de- 
pends on the state of development of the prospective host 
country, with lesser developed countries having the po- 
tential for the greatest gain through both direct and in- 
direct transfers of technology. Indirect technology trans- 
fers occur through the training of technicians and 
managers that result, and through the technical knowl- 
edge transferred to firms that support the facility and to 
customers trained in the use of the product. On the other 
hand, when developed countries are host to such foreign 
investment, they primarily get another competitor for 
their own production of similar high-tech products. 

The data used in this section measure the book value of 
U.S. investors’ equity in and outstanding debt with 
affiliated firms overseas.'’ While these data do not provide 
any information about the kind of investment, they do 
indicate both the level and location of U.S. commercial ties 
abroad. 

Trends in U.S. Direct Investment. U.S. direct invest- 
ment abroad in manufacturing industries exceeded $92 
billion by 1981; this represents almost a threefold increase 
since 1970. (See appendix table 7-16.) After 1981, the un- 
interrupted growth in the U.S. foreign investment position 
stalled, thereafter following a more erratic path. As the 
United States slipped into recession after 1981, U.S. firms’ 
investment position abroad declined. By the next year, it 
was down about 10 percent. This dip continued through 
1984. By the end of that year, however, direct investment 
abroad began an upward trend that continued through 
1987. The U.S. direct investment position in manufactur- 
ing industries abroad increased 21 percent from 1986 to 
1987; this was about twice the rate of increase recorded in 
the prior 2 years. 

This pattern was also mirrored by the two high-tech 
industries for which data are available—the chemicals and 
allied products and machinery manufacturing indus- 
tries'*—althougi: the upward trend began a year earlier 
during 1983. The trulk of the increase between 1986 and 
1987 is attributable to reinvestment of 1987 earnings, 
which were nearly double the level reported during 1986. 
These improved earnings were due to the effects of the 
dollar depreciation and enhanced operating profits, which 
in turn derived from strong demand and an improvement 
in operating efficiencies after some corporate restructur- 
ing." 


"These data measure the book value of U.S. direct investors’ equity in, 
and net outstanding loans to, their foreign affiliates. ‘Affiliates’ are firms 
in which the reporting U.S. parent holds an interest of at least 10 percent 
of the voting securities, or the equivalent. See U.S. DOC, Bureau of 
Economic Analysis (1985); and U.S. DOC, Bureau of Economic Analysis 
(1987). 

'*Includes the nonelectrical machinery and electric and electronic 
equipment industry groups. 

"Scholl and Lowe (1988). 


The geographical location of U.S. investment in overseas 
subsidiaries has changed substantially over the years, 
shifting away from Europe and toward the Asian-Pacific 
countries. (See appendix table 7-16.) In 1966, U.S. direct 
investment in Canada and the United Kingdom made up 
nearly 50 percent of the total U.S. direct investment posi- 
tion abroad in manufacturing; by 1987, this combined 
investment had declined to 35 percent. In 1966, West Ger- 
many and France were each host to three to four times as 
much U.S. direct investment as Japan for all manufactur- 
ing industries, and about twice as much as in the ma- 
chinery and chemical industries. By 1987, however, the 
comparable U.S. direct investment position in Japan grew 
considerably, and in fact actually exceeded that in West 
Germany and France in the high-technology manufactur- 
ing industry of chemical products. Other Asian-Pacific 
countries also received larger amounts of U.S. direct in- 
vestment between 1966 and 1987 as did Mexico and other 
lesser developed countries. 

U.S. Direct Investment by High-Tech Multinationals. 
Establishing foreign affiliates provides U.S. firms with a 
means by which to break into a new market or improve 
their position in an existing market. Foreign affiliates also 
provide a mechanism to circumvent certain barriers erec- 
ted to limit foreign competition. The data for 1986 suggest 
that high-tech manufacturing firms maintain a significant- 
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ly higher portion of their assets in foreign affiliates than do 
other U.S. manufacturers. Assets of foreign affiliates for 
high-tech manufacturers accounted for nearly 42 percent 
of the parents’ total assets, compared with 30 percent of 
total assets held abroad by non-high-tech manufacturers. 
(See figure 7-7 and appendix table 7-18.) U.S. parent firms 
operating in three high-tech fields—office and computing 
machines, drugs and medicines, and industrial chemi- 
cals—had assets in foreign affiliates representing over 50 
percent of total assets. 

The locations of the foreign affiliates set up by these 
high-technology firms suggest a bias associated with dif- 
ferent products. U.S. multinationals’ foreign investments 
in affiliated companies generally are heavily concentrated 
in Europe.” U.S. high-tech multinationals had 47 percent 
of their total assets in European foreign affiliates, com- 
pared with 42 percent for non-high-tech multinationals. 
(See figure 7-8 and appendix table 7-17.) 

Affiliates established in Europe and Japan probably rep- 
resent efforts by U.S. multinationals to expand sales in 
those inarkets. High-tech multinationals had 59 percent of 


Europe is defined as the 10 member countries of the European Com- 
munity. 


Total foreign assets of U.S. corporations as a percentage of total assets: 1986 
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Figure 7-8. 
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their assets in foreign affiliates located in Europe and Japan 
(47 percent and 12 percent, respectively), while non-high- 
tech multinationals maintained 51 percent in Europe and 
Japan (41 percent and 10 percent, respectively). U.S. mul- 
tinationals whose primary business involved computers 
(office and computing machines category) had close to 67 
percent of their assets in Europe and Japan (52 percent and 
15 percent, respectively), the highest for any high-technol- 
ogy field. 

For the most part, foreign affiliate assets held by U.S. 
multinationals in the developing countries represent ef- 
forts to lower production costs and thereby increase com- 
petitiveness worldwide. Products manufactured in the 
developing countries are, for the most part, exported to 
developed countries, including the U.S. multinationals’ 
home market. Many U.S. multinationals followed this 
path during the early 1980s when the appreciating dollar 
provided additional reason to move production facilities 
overseas. The experience did not always live up to expec- 
tations. Differences in culture, language, and business 
practices, as well as the distance from the U.S. headquar- 
ters, create additional costs that can erode much of the cost 
advantage that a firm expects to reap. With the dollar 
falling during 1987-88, there has even been some move- 
ment of production capability back to the United States, 
especially by firms that had not made the move offshore. 

High-tech multinationals held 19 percent of their total 
assets in developing countries, compared with 22 percent 
for non-high-tech multinationals. Interestingly, U.S. mul- 
tinationals whose primary activity involves the manufac- 
ture of computers had fewer assets tied up in developing 
countries than did U.S. manufacturers of other high-tech 
products. The rapidity with which technological changes 
occur in the computer field and the concomitant need for 
proximity to the innovative personnel may preclude off- 
shore production except for the least sophisticated of com- 
puter products. 

These data suggest that U.S. multinationals invest in 
foreign affiliates primarily to improve their market share 


in other developed countries. The suggestion is even 
stronger for U.S. multinationals in high-tech fields. Both 
the European Community and Japan represent large mar- 
kets for high-technology goods; both protect these markets 
with trade barriers such as tariffs, ‘‘buy national” policies, 
and often unnecessary and discriminatory standards, test- 
ing, certifications, etc.?' Foreign affiliates help U.S. firms 
circumvent the trade barriers that have impeded their 
competitiveness in the past. In general, the motivation for 
U.S. multinationals to establish foreign affiliates in lesser 
developed countries is to lower average production costs. 

A recent U.S. International Trade Commission study 
appears to support these conclusions.” The commission 
found that: 


¢ U.S. firms set up production facilities in Canada and 
Europe to facilitate sales in those markets. 


¢ U.S. firms set up production facilities in Japan because 
they considered it a stable place to operate and be- 
cause physical presence in Japan afforded firms better 
access to Japan’s advanced technology.” 


¢ In other East Asian countries, labor cost differentials 
and labor productivity were the incentives for U.S. 
firms’ establishment of production facilities. 


Patent Licenses, Royalties, and 
Technology Agreements 


Although exporting and investing abroad are two very 
different strategies employed by U.S. companies to market 
their products in foreign countries, these strategies have 
an important element in common: any proprietary tech- 
nology associated with the product being exported or 
manufactured by the foreign facility essentially remains 
controlled by the U.S. firm.” 

Firms also may simply sell their rights to an invention, 
sell the right to market an invention, and/or provide tech- 
nical information on an invention’s production or use to 


“'See Office of the United States Trade Representative (1987), pp. 95-109 
and 171-93. 

See U.S. ITC (1988a), pp. 5-1 to 5-7. 

Ibid. Most of the responding U.S. companies with production fa- 
cilities in Japan were themselves subsidiaries of Japanese companies. The 
ITC study suggests that responses may be different if more respondents 
selecting this reason were not owned by Japanese multinationals. 

“Both these channels for product sales provide opportunities for leak- 
age of such proprietary know-how. The sale of high-tech products in- 
volves the export of so-called ‘embodied technology.’ The technology 
incorporated in the product often can be pirated through reverse en- 
gineering, thus permitting competitors to imitate and perhaps even im- 
prove upon the product. 

U.S. investment in overseas production facilities also inadvertently 
transfers technology. First, the innovative firm sets up production of its 
technology-embodying product in the market, creating a transfer of 
technology analogous to that accompanying high-technology product 
export. Second, there is a transfer of “‘disembodied technology’’—in 
setting up production facilities, the investing firm brings a panoply of 
formal and informal know-how associated with the technology's use and 
production. Through exposure to production facilities, competitors and 
potential competitors again reap benefits from the innovator’s R&D. 


another firm. The purchaser obtains a technological re- 
source it may then use to its advantage—perhaps through 
production, modification, or marketing—and pays licens- 
ing fees and royalties to the original firm; these are fre- 
quently proportional to product sales.” 

The inventing firm will often choose this marketing 
channel when it lacks the resources to exploit the technol- 
ogy fully (e.g., insufficient capital, raw materials, market- 
ing expertise, etc.). Selling licenses to foreigners that per- 
mit the technology’s reproduction, use, or resale typically 
take place when access to a market is made difficult be- 
cause of tariffs, government restrictions, or lack of exper- 
tise about the market or customs that would facilitate the 
originating firm’s entry. In return for the fee or royalty, the 
licensor sells not just information, but also partial control 
over the technology. The licensee gains knowledge or 
access to technology that would not otherwise be legally 
available. 

Tosome extent, firms’ receipts and payments for patents 
and technical knowledge represent a pure indicator of 
technological prowess. These sales—particularly between 
unaffiliated firms where prices are set through some 
market-related bargaining process—reflect only the ex- 
change of technology and its market value at that point in 
time. These receipts and payments thus may be viewed as 
an “output” indicator providing a measure of the produc- 
tion and exchange of knowledge. 

The United States is a net exporter of its technology via 
this mechanism. Royalties and licensing fees received from 


*Licensing fees are charges for the use of a patent or industrial process; 
royalties are payments for the use of copyrights or trademarks. 


foreigners have been, on average, four times that paid out 
to foreigners by U.S. firms for access to their technology. 
(See appendix table 7-19.) In real terms, U.S. sales of tech- 
nology through this channel were more or less constant 
during the 1970s, but have shown considerable growth 
during the 1980s.*° U.S. receipts from such technology 
sales totaled $2.1 billion in 1987 (1982 prices), up from $1.4 
billion in 1980. 

Japan is the largest consumer of U.S. technology sold in 
this manner. In 1987, Japan accounted for 41 percent of all 
such U.S. receipts, with Canada a distant second at 7 
percent. Both these countries’ payments for U.S. licenses 
were smaller in 1980—Japan accounted for 31 percent and 
Canada 5 percent that year. By contrast, purchases of U.S. 
technological know-how by other major industrialized 
countries—namely West Germany, the United Kingdom, 
and France—declined somewhat during the 1980s. 

The United States has consistently maintained a trade 
surplus (i.e., receipts minus payments) in its sales of U.S. 
technology via this mechanism. (See figure 7-9.) In 1987, 
U.S. receipts were seven times its payments in licensing 
transactions entered into with Japan, eight times as large 
with Canada, and more than twice the payments to France. 
While the U.S. has maintained a surplus with West Ger- 
many and the United Kingdom, those surpluses have 
shrunk over the last couple of years and, as of 1987, were 
relatively small. 


Since receipts from royalties and fees paid by foreigners represent an 
export of U.S. goods, an export deflator developed by the Department of 
Commerce was used to discount the inflation-added value to these data. 
Appendix table 7-20 contains deflators for general exports and imports. 


Figure 7-9. 
US. receipts and payments of royale and fee associated with unafilted 
foreign residents, by country: “ 

0 500 1,000 1,500 2,000 2,500 


See appendix table 7-19. 


Science & Engineering indicators— 1989 


U.S. payments to technology sellers in the United King- 
dom are larger than might be expected given the size of 
the British R&D endeavor. In 1985, United Kingdom R&D 
expenditures were less than one-third those of Japan, and 
about two-thirds the level in West Germany;” nonethe- 
less, the United Kingdom received almost 30 percent of 
US. technology payments that year. (See appendix table 
7-19.) 

The total flows of receipts and payments of royalties and 
license fees are generated from new agreements and those 
made in previous periods that are still in force. Conse- 
quently, these data do not permit an analysis of new U.S. 
technology flows resulting from new agreements. While 
data on receipts and payments from new technology 
agreements are not available from U.S. sources, there are 
some data developed by the Government of Japan that 
disaggregate data for receipts and payments by new and 
existing agreements. (See appendix tables 7-21 and 7-22.) 
Since Japan is the dominant customer for U.S. technology 
sold through this channel and a major force in high-tech 
fields, these data provide additional insight about the 
relatively high level of U.S. technology sold via technology 
agreements. 

During the 1980s, the United States entered into, on 
average, over 800 new agreements per year with Japan 
involving the exchange of technological know-how. There 
were 2.5 new agreements calling for U.S. exports to Japan 
of technological know-how for every 1 that represented a 
U.S. import of Japanese technology. Interestingly, during 
the 1970s, the exchange of technological know-how be- 
tween the United States and Japan was more equitable; the 
ratio of new agreements representing U.S. exports of tech- 
nological know-how compared with U.S. imports of Jap- 
anese know-how was approximately 1.2 to 1. 

Japan apparently continues to consider the United 
States a fertile field from which to harvest new advances 
in technology. The surplus the United States enjoys in its 
trade in technological know-how with Japan does not rely 
solely on technological advances developed in the past, 
but is also supported by current innovative activity in 
the United States. While such sales contribute positively 
to the balance sheets of U.S. firms and the U.S. economy in 
the short term there remains considerable controversy 
about the long-term consequences of these technology 
sales. 


PROSPECTS FOR U.S. TECHNOLOGY IN THE 
GLOBAL MARKETPLACE 


Policy Developments 


The role government plays in a country’s ability to 
compete in the global marketplace is a subject of debate 
that converts few but engages a great many. Nevertheless, 
governments do intervene in the marketplace for a variety 
of reasons—many times in response to its philosophy, 
occasionally for social concerns, frequently in response to 


"See NSF (1987), p. 2. 
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pressure from interested parties. This section explores 
changes in U.S. Government policy that affect U.S. com- 
merce and its ability to compete in the global marketplace. 

The year 1988 saw both significant changes in U.S. trade 
laws and progress in bilateral negotiations intended to 
provide new opportunities for U.S. trade. On the other 
hand, the European Community is preparing to enhance 
its competitive position in 1992 by further removing trade 
barriers among member countries. There are fears among 
some U.S. and other non-European manufacturers that 
they could find themselves at a comparative disadvantage 
in their efforts to sell to the European market unless they 
establish production facilities within Europe. But probably 
the most important policy development in 1988 for U.S. 
firms involved in international commerce is what was 
commonly referred to as the Trade Bill. 

With President Reagan's signing into law of the Om- 
nibus Trade and Competitiveness Act of 1988 on August 
23, 1988, the U.S. Government attempted to “level the 
playing field’’—i.e., to increase opportunities for U.S. 
firms overseas and equalize the terms of economic com- 
petition within the United States. 

Several provisions of the act bear heavily on U.S. trade, 
including trade in high-tech products. Briefly, the act: 


© Mandates the President to seek lower tariffs and elim- 
inate nontariff barriers through both multilateral and 
bilateral negotiations. 


® Required the U.S. to join 50 countries in the Har- 
monized Tariff on January 1, 1989; this will facilitate 
U.S. exporters’ ability to market their products. 


* Clarifies the Foreign Corrupt Practices Act to identify 
permissible foreign payments when doing business 
overseas. 


¢ Empowers the President to restrict acquisitions of U.S. 
firms by foreigners when deemed important to na- 
tional security. 


9 ae that export controls on sensitive products 
nd services be continuously reevaluated so that only 
those items truly important to safeguarding national 
security remain controlled. 


¢ Implements new requirements for reciprocity in intel- 
lectual property, government procurement oppor- 
tunities, and telecommunications trade. 


¢ Expands the laws governing intellectual property 
rights to include process patents, and makes the laws 
less burdensome for those seeking government pro- 
tection from infringing imports. 


* Strengthens ‘unfair trade”’ statutes (e.g., antidump- 
ing and countervailing duty laws). 


* Creates the Competitiveness Policy Council consist- 
ing of government, business, labor, and academic 
leaders with the mandate to identify and analyze 
problems and recommend strategies for improving 
U.S. productivity and competitiveness. 


® Renames the National Bureau of Standards as the 
National Institute of Standards and Technology to 


reflect its broadened role. It is expected that the in- 
stitute will become the lead Federal organization sup- 
porting industrial quality and competitiveness. The 
act directs the institute to involve itself in exchanges 
with foreign institutions to promote international ex- 
changes of information on new technologies. The Ad- 
vanced Technology Program is created under the in- 
stitute’s umbrella to function as a conduit to facilitate 
private sector access to the knowledge assembled by 
the institute and other Federal labs. 


® Creates a 1-year National Advisory Commission on 
Superconductors consisting of members from gov- 
ernment and the private sector to formulate a national 
strategy to ensure U.S. superconductor competitive- 
ness. 


The act’s provisions go well beyond the areas sum- 
marized above. But potential gains for the U.S. economy 
are large in just two areas alone—the act's attention to 
export controls imposed on sensitive products and ser- 
vices, and to intellectual property rights. 

A recent study conducted by the National Academy of 
Sciences assessed the impact of export controls on lost 
sales by U.S. firms, and suggested that these could exceed 
$9 billion dollars annually.” Most of the goods covered by 
export controls would be classified as high-technology 
products. While the act does not eliminate such controls, 
it does ease administrative burdens for firms involved in 
such trade, and it provides for ongoing removal of con- 
trolled products from the list of covered ucts as other 
countries make them available in the global marketplace. 
These changes will open markets previously closed to U.S. 
firms that trade in controlled 

Another area of concern to U s. high-tech firms ad- 
dressed by the act is the need to strengthen intellectual 
property laws. A study by the U.S. International Trade 
Commission estimated that losses to U.S. firms as a result 
of violating U.S. intellectual property rights exceeded $11 
billion dollars during 1986.” Again, a large percentage of 
the goods affected by these violations involve new prod- 
ucts and processes in the high-technology area. 

Almost 3 years in the making, the act is ambitious in its 
attempt to address so many areas of concern to U.S. busi- 
ness and labor communities. What impact it will ultimate- 
ly have on U.S. competitiveness will be answered in the 
years to come. 


Economic Factors 


As a reference for the examination of U.S. competitive- 
ness in high-technology fields, data on several important 
economic factors are presented to help explain potential 
shifts in technology flows. The factors selected—compara- 
tive exchange and inflation rates—are important factors, 
though they are not the only economic factors affecting 
US. international commerce. By tracking certain key eco- 


*See National Academy of Sciences (1987), pp. 122 and 266. 
“See U.S. ITC (1988b), pp. 4-5 and 4-6. 
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nomic factors, we may better understand the dynamics 
that influence future U.S. competitiveness. 

As discussed earlier, consumers of high-technology 
products choose a particular supplier after carefully con- 
sidering the product's ability to perform the required func- 
tion, its quality, and its price. While high-tech products 
may tend to be less price sensitive” than other goods— 
especially those incorporating cutting-edge improve- 
ments or which are themselves state of the art—the bulk 
of products identified as high technology compete in a 
market com of many competent sellers. Thus, sales 
of high-tech products will often turn on price. Two impor- 
tant elements that influence the price competitiveness of 
U.S. products are the relative exchange rates and inflation 
rates of the United States and of the countries that it com- 
petes against in the marketplace. 

Increasingly, during 1980-85, U.S. firms were at a com- 
petitive disadvantage in the global marketplace due to a 
strong and strengthening dollar and an inflation rate high- 
er than three of its major competitors—i.e., Japan, West 
Germany, and France. (See appendix tables 7-2 and 7-23.) 
During this period, the dollar appreciated close to 29 per- 
cent against the major industrialized countries.” The U.S. 
inflation rate was 3 times that in Japan and 1.5 times that 
in West Germany—these two countries alone accounted 
for 28 percent of global production of high-technology 
products. But after 1985, the prospect for improved price 
competitiveness for U.S. high-tech products stemming 
from changes in inflation and exchange rates predicts 
improved em pee for U.S. high-technology prod- 
ucts in the global marketplace. 

Ina DOC study analyzing the future price competitive- 
ness of U.S. goods in world markets, several references to 
segments of the U.S. high-tech industry are mentioned.” 
Based on the level of U.S. exports of high-technology 
products in 1986 and the sources of competition for U.S. 
products in foreign markets, prospects for improved price 
competitiveness of U.S. high-tech products are strong both 
at home and in overseas markets. (See appendix table 
7-25.) In the U.S. market, the estimated effect of currency 
and inflation changes projects an improved price-competi- 
tive position on some $32 billion dollars worth of high-tech 
produc lost to foreign oo oy Except for Canada, U.S. 

igh-tech products should be more price competitive 
against the other major industrialized countries. Gains in 
the U.S. market at the expense of the lesser developed 
countries are predicted to be less favorable. According to 
this study, drugs and instrumentation products offer the 
greatest opportunities for increased U.S. high-tech prod- 
uct sales.* 


“High-tech ucts often can be unique, customized, or otherwise 
state of the art; sales of such goods are influenced less by price. 

“Exchange rate comparison of U.S. dollar with the 3. -Developed 
Country Average. See appendix table 7-2 for list of countries. 

“Lawson and Young (1988), pp. 16-21. 

“Opportunities for increased sales of U.S. high-tech products in the 
home market were considered ‘favorable’ if the combined effect of 
recent price and currency changes has been to cause prices of goods from 
major foreign suppliers to increase much more rapidly—or to decrease 
much more slowly—relative to the average price of all other goods sold 
in the United States, including U.S. domestic and other imports. 


In overseas markets, the DOC study foresees oppor- 
tunities for market expansion in high-technology fields 
that could involve close to $27 billion in new sales. The 
dollar’s de«line should lead to gains in trade in markets in 
Europe and Japan and—to a lesser extent—in the East 
Asian NICs. Once again, pharmaceuticals offer the 
greatest prospects for capturing further market share over- 
seas; U.S. chemical products are also projected to be more 


price competitive. 


“In this DOC study, recent price and currency changes in markets 
outside of the United States are said to be “favorable’’ to U.S. exports if 
their combined effect has been to cause U.S. prices to drop much more 
rapidly—or to increase much more slowly—telative to the average price 
of goods from all other sources. 


Other economic factors project mixed signals for the 
immediate future. Gains in U.S. labor productivity lag 
behind those made by our major competitors and U.S. 
labor costs remain high. The savings rate in the United 
States remains well below that of our nearest competitors; 
this contributes to a cost of capital higher than that of our 
competitors.* The burdens of comparatively higher inter- 
est rates and labor costs, and a lower savings pool kept low 
by very high consumption habits, will continue to be a 
drag on the positive forces that have entered the competi- 
tiveness equation. 


See Hatsopoulos, Drugman, and Summers (1988), pp. 299-307. 
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Public Science Literacy and 
Attitudes Toward Science and Technology 


HIGHLIGHTS 


© The U.S. adult public has a very limited knowledge of physics 
and earth science. Only 15 percent of American adults 
surveyed in 1988 could correctly answer all of seven 
simple questions on these topics. uarters 
knew that light travels faster than sound, but only 43 
percent knew that electrons are smaller than atoms, 
which is one of the most elementary facts of the atomic 
theory of matter. British respondents, who were asked 
the same questions at the same time, did a little more 
poorly on average. (See pp. 165-66.) 


With regard to astronomy, there are also many misconcep- 
tions. a percent of Americans believe the sun 
goes around the earth, while another 7 percent do not 
know which goes around which. Only 45 percent know 
that the earth takes a year to go around the sun. British 
responses to these questions were correct even less of- 
ten. A majority of Americans believes that the universe 
remains constant in size. (See pp. 166-67.) 


The U.S. and British publics are very well aware of some basic 
health facts, such as that sunlight causes skin cancer, and 
that stress and smoking contribute to heart disease. On 
the other hand, only about a quarter are aware that 
antibiotics cannot kill viruses. Many people in both 
countries are confused as to why they should do things 
like eat fiber and not eat food additives. Large numbers 
of Americans and Britons believe these actions help 
prevent heart disease. (See p. 167.) 


Many Americans do not know or do not believe scientific 
accounts of early human history. About 43 percent doubt 
that humans are descended from other animal species. 
Much smaller percentages in Britain, Japan, and the 
12-country European Community reject the idea of hu- 
man evolution. About 45 percent of Americans believe 
that early humans lived at the same time as dinosaurs. 
(See pp. 168-69.) 


About 6 percent each of Americans and Britons say they act 
on their astrological forecasts. Among young Americans, 
those aged 18 to 24, the level is 10 percent. Among those 
without a high school diploma, it is 11 percent. The same 
groups are also most likely to think that astrology is 
scientific. (See p. 170.) 


The American public overwhelmingly believes that the world 
is better off because of science. In both 1957 and 1988, 88 
percent of respondents expressed this view. In both 
years, strong majorities believed the general proposition 
that science makes our lives healthier, easier, and more 
comfortable; and that science does not break down peo- 
ple’s ideas of right and wrong. A parallel British survey 
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asking some of the same questions received generally 
more negative assessments of the effects of science. (See 


pp. 170-71.) 

However, in some respects, there is less public confidence in 
science in 1988 than in 1957. For example, the number of 
Americans who believe that science can solve problems 
like crime and mental illness dro from 47 percent 
to 23 percent. While only 23 percent believed in 1957 that 
science breaks down people’s ideas of right and wrong, 
33 percent said this in 1988. This drop in confidence 
occurred some time between 1957 and 1979. (See p. 171.) 


Scientists generally are highly regarded by the public. For 
many years, they have ranked second only to physicians 
on a list of professionals in which the American public 
has confidence. The scientific community has gained 
slightly in public confidence since the early 1970s, in 
comparison with some other institutions. (See pp. 172- 
73.) 


The public believes that science and technology are good 
long-range investments. About 80 percent believed—in 
1985 and 1988—that the government should support 
scientific research even when it brings no immediate 
benefits. (See p. 174.) 


However, the public gives higher priority to government 
funding in areas that have direct social application, such as 
helping older people, improving education, reducing 
pollution, and improving health care. The British sur- 
vey, addressing the situation in that country, found 
greater interest than in the United States in increasing 
government funding for scientific research. (See pp. 
173-74.) 


Most people consider the current level of government regula- 
tion of various aspects of science and technology to be ade- 
quate, if not excessive. Substantial minorities, however, 
would like to see more regulation. Forty-two percent 
want more regulation of the use of chemical food addi- 
tives, and 31 percent want more control over the con- 
struction of nuclear power plants. A majority is happy 
with the present level of regulation of basic scientific 
research. There was a decrease from 1985 to 1988 in the 
number that wanted to see more regulation of new 
pharmaceutical products, perhaps because of the AIDS 
problem. (See p. 174.) 


A small majority supports research on animals if it produces 
information about human health problems. In Britain, on the 
other hand, more people oppose than support animal 
research. Americans who oppose it tend to be female or 


young. Support for animal research increases among the 
older age groups. (See p. 5.) 


© Between 1985 and 1988, there were numerous changes in 
public opinion about science and technology. Positive 
een) wane Sean Cnn eS Oe 
ts of science as opposed to its harmful effects, 

and more optimistic assessments of the effect of sci- 


Science and technology (S&T) are undeniably of increas- 
ing importance to the life of the Nation. The other chapters 
of this report measure the various ways in which science 
and technology have been growing and changing, both as 
to levels of activity and as to outputs and products. This 
chapter is devoted to an assessment of how well the public 
understands, and how it regards, these developments. The 
National Science Board first sponsored the collection of 
data on the 2ttitudes of the U.S. public toward science and 
technology in 1972. Since then, surveys of increasing scope 
and sophistication have been conducted for Science & En- 
gineering Indicators approximately every 2 years. This 
chapter reports on the latest of these surveys, conducted 
in 1988. 

The first part of this chapter examines the science lit- 
eracy of the adult public. This is a new feature, reflecting 
the current interest in this subject shown by government 
and in the media. The second part of the chapter deals with 
public attitudes toward science and technology. Both the 
science literacy and the public attitudes data were col- 
lected in coordination with a parallel survey in Britain 
supported by the British government. As a result, an ex- 
tensive comparison of U.S. and British science literacy and 
attitudes is presented here for the first time. This coopera- 
tion between countries follows a similar joint project be- 
tween the United States and Japan, the results of which 
were reported in Science & Engineering Indicators—1987. 

Another new feature of this chapter is the repetition of 
some survey questions first used in 1957 so that changes 
in attitudes since that time can be shown. In general, the 
chapter emphasizes the comparison of public attitudes 
measured in 1988 with those collected in earlier years 
using the same questions. 


PUBLIC SCIENCE LITERACY 


There is growing recognition in the industrialized world 
that public science literacy is an important component of 
long-term social and economic growth and of effective 
citizenship. In recent years, various studies in the United 
States and elsewhere have examined national science and 
mathematics education systems in an effort to improve 
them and thereby raise the level of public science literacy. ' 

Industrial economies will increasingly depend on ad- 
vanced technologies, and new economic realities will de- 


‘See chapters | and 2 


ence on daily life. Also, there was a large decrease in 
the percentage who regard scientists as dangerous. 
On the other side, there was more desire for the reg- 
ulation of S&T, and more negative attitudes were 
expressed about the effects of technology on unem- 
ployment, animal research, the space program, and 
nuclear power. (See pp. 170-75.) 


mand an increasingly sophisticated workforce. This is il- 
lustrated by the pervasive impact of computers in service 
and manufacturing industries. The ability to use com- 
puters and similar technologies at work often depends on 
workers’ level of scientific and technical literacy. 

In addition, the growing impact of science and technol- 
ogy on our lives has brought an increasing number of S&T 
issues into the national agenda. Nuclear power, acid rain, 
and the “greenhouse effect,’’ as well as medical advances 
and technological competitiveness, are increasingly sub- 
jects of media attention and political discussion in the 
United States and other industrialized nations. The issue 
of the safety of genetically engineered hormones in meat 
has triggered a trade dispute between the United States 
and the European Community. Similarly, trade disputes 
between the United States and Japan have arisen over 
computer chips, communications systems, and other high- 
tech products. The number of scientific and technical is- 
sues that demand public attention shows every sign of 
continuing to grow. 

There is evidence that the proportion of citizens able to 
understand and follow these scientific and technical issues 
is low. Studies have found that relatively few Americans 
understand basic scientific terms or can make sense of 
arguments from experts on issues like nuclear power. 
Further, studies of recent high school graduates in the 
United States do not point to significant improvement 
from earlier generations.” 

It would be valuable to have reliable measures of the 
level of public science literacy so that the scope of the 
problem could be assessed, trends measured, and com- 
parison made with other industrialized countries. Tech- 
niques for making such measurements are still under de- 
velopment. Difficulties are complicated by the need to 
develop criteria that can be used internationally. This 
chapter reports on one of the first efforts to measure sci- 
ence literacy with the U.S. adult public and compare it with 
science literacy in another major industrialized nation, in 
this case Britain.’ 

For this purpose, surveys of the U.S. and British publics 
were performed simultaneously in June and July of 1988. 
The questionnaires were partly developed by mutual ex- 
change of questions, so that responses received in the two 


*The source for the above is Miller (1989b). The most recent major study 
of the problem of public science literacy is AAAS (1989) 

‘This chapter speaks of Britain rather than the United Kingdom because 
the data discussed were collected in England, Scotland, and Wales, but 
not in Northern Ireland 


countries could be compared.* ° Several dimensions of 
science literacy derived from these responses are treated 
separately in the following discussion.* Work is in pro- 
gress to develop further the criteria for scientific and tech- 


nological literacy and to extend the comparison to other 
countries.’ 


Acquisition of Information About Science 
and Technology 


The U.S. public is strongly convinced of the need to be 
informed about science. Eighty-four percent disagreed 
with the idea that “It is not important for me to know about 
science in my daily life.’ The public also believes that 
knowledge of science is possible: 72 percent agree that “If 
scientific knowledge is explained clearly, most people will 
be able to understand it.’”’ Scientific knowledge thus is 
considered both desirable and attainable. This section con- 
siders what the public is actually doing to acquire it. In 
general, the public claims to have a surprisingly high 


‘The US survey was in June and July 1988 with a repre- 
sentative «mple of 2,041 adults aged 18 and over. Surveying was done 
by telephone at the Public Opinion Laboratory, Northern Illinois Univer- 
sity. The response rate was 79 percent. With a sample of this size, results 
are uncertain by + 3 percent or less at the 95-percent confidence level. 
With subsamples, the uncertainty will be greater. For simplicity, this 
chapter does not discuss the statistical significance of various differences 
i data, but points out only differences regarded as significant. U.S. 
data discussed in this chapter, unless otherwise identified, are from Miller 
(forthcoming, 1989a). See also Miller (in press, 1990). 

*The national survey of public understanding of science in Britain was 
performed in June and July 1988 by personal interviewing of 2,009 
respondents representing England, Wales, and Scotland south of the 
Caledonian Canal. It was a joint project of the University of Oxford 
Department for External Studies and Social and Community Planning 
Research, funded by the Economic and Social Research Council. The 
British questionnaire was devised by John Durant, Geoffrey Evans, 
Patricia Prescott-Clarke, and Geoffrey Thomas, with advice and assis- 
tance from Donald Buzzelli, Barry Hedges, Roger Jowell, and Jon Miller. 
While the American data file has been reweighted to correct for any biases 
in the sample with respect to age, gender, race, or level of education, this 
has not been done with the British data. Unweighted samples tend to 
contain excessive numbers of educated respondents, so that slightly 

i levels of science literacy are found in the British data than are 
justified. The British survey also offered ‘don’t know” to the respondents 
as a possible reply to many questions, while the U.S. survey did not. In 
some cases, this may affect the interpretation of the results. 

*No overall measure of national science literacy is developed in this 
chapter. However, a recent study using the present data found that 5.6 
percent of the U.S. public can be considered scientifically literate. For the 
British public, also on the basis of these data, the corresponding figure is 
7.1 percent. See Miller (1989b). 

"This chapter deals with scientific literacy and has little to say about 
technological literacy. The National Science Foundation recognizes the 
importance of technological literacy, and efforts are planned to develop 
measures of it. However, at this stage, techniques for measuring science 
literacy are just beginning to be developed; even less is known about 
technological literacy. In any case, knowledge of science will certainly be 
a significant part of any measure of technological literacy. 

"Another 14 percent agreed and | percent didn’t answer. In Britain, not 
as many felt that knowledge of science is important. Only 57 percent 
disagreed with the statement, while 34 percent ag-eed, 8 perceni neither 


agreed nor disagreed, and 1 percent gave no answer. 
*Another 27 percent disagreed and | percent did not reply. In Britain, 


73 percent agreed, 20 percent disagreed, 6 percent said ‘‘neither,”’ and 1 
percent did not reply. This is slightly more favorable to the possibility of 
public science education than is the American reply. 


amount of access to various sources of information about 
science and technology, and some responses may in fact 
be exaggerated. 

Naturally, formal education is the way in which many 
persons acquire a certain level of scientific knowledge. 
Thirty percent of the U.S. respondents said they had taken 
at least one college-level course in biology, chemistry, or 
physics."” Most of these people, of course, did not become 
professional scientists or engineers, but many of them 
presumably retained some appreciation of science in later 
life, whatever careers they pursued. 

Those who never studied science academically—and 
even those who once did but are not now actively involved 
in science—must depend on various public information 
sources to develop and update their scientific knowledge. 
For example, museums represent one important effort by 
science professionals to impart science information to the 
public. Of the 1988 sample, 26 percent reported that they 
had attended anS&T museumat least once in the past year, 
and 10 percent said they had done so more than once. In 
addition, 30 percent said they had gone at least once to a 
natural history museum, which is a very similar facility," 
and 51 percent said they had gone to a zoo or aquarium. 
(By comparison, 33 percent reported that they had visited 
an art museum, and 68 percent reported visiting a public 
library.) Virtually identical responses were given in 1985. 
Attendance at S&T museums is highest in the 35- to 44- 
year-old age group; 34 percent of those in this age bracket 
have visited in the past year, while only 11 percent of those 
over 65 have. Attendance is also highest in the college- 
graduate group, where 50 percent went toanS&T museum 
in the past year, as opposed to 11 percent of those who had 
not finished high school. 

Magazines and television are other media that help to 
convey science and technology information to the broad 
scoops Television seems to be particularly effective, at 

east in terms of the number of people reached. In 1988, 84 
percent of American respondents reported that they “reg- 
ularly” or ‘‘occasionally’’ watch the program “Nova” or 
the National Geographic specials. This is up from 59 per- 
cent in 1979, 70 percent in 1983, and 71 percent in 1985." 
When asked to list the magazines they read regularly or 
occasionally, 15 percent of American respondents named 
at least one S&T-related magazine.'’ The following discus- 
sion deals with the levels of knowledge about science and 
technology that the public has actually achieved from all 
these sources. 


"Since the sample is reweighted to match the educational distribution 
of the whole public—along with other characteristics—this is probably a 
good representation of the extent of college-level science study among 
the entire U.S. adult population. For more detailed information on science 
and engineering education in the United States, see chapters 1 and 2. 

"Forty-one percent reported attending either a science and technology 
museum or a natural history museum at least once in the past year. 

"See Miller, Prewitt, and Pearson (1980); Miller (1983); and Miller 
(1985). In Britain, 84 percent reported watching one of the two most 
popular science-related television shows regularly or occasionally in 
1988. 

In 1985, 16 percent gave that answer. Twelve percent of British 
respondents in 1988 stated that they read at least one magazine about 
“what is going on in science and technology.” 


Knowledge of Scientific Terms and Scientific Method 


Scientific Terms. In their everyday reading, radio lis- 
tening, or TV watching, people encounter news items that 
use more or less technical terms having to do with science 
and . Thus, an important component of being 
scientifically or technologically literate is the ability to 
understand a minimum number of technical terms when 
they are encountered. People often are able to understand 
these terms because of their formal education or from 
informal discussion or reading done later in life. 

Previous studies have found that many people will say 
they kriw various technical terms when they really do 
not. Typically, less than half of those who say they have a 
clear und ing of a term can give a satisfactory def- 
inition of it if asked.'* For example, 27 percent of American 
respondents claimed in 1985 that they had a clear idea of 
what a molecule is, though only 10 percent could give a 
satisfactory definition, even by generous standards. Sim- 
ilarly, only 8 percent could say how a telephone works, 

18 percent had claimed to understand its operation 
clearly. Thus, it is necessary to ask more specific questions 
in order to learn the actual level of public knowledge. 

In 1988, American and British respondents were asked 
to give definitions for a set of terms. (See text table 8-1 and 
appendix table 8-1.)'° Both American and British respon- 
dents were more familiar with computer software than 
with DNA." In the case of DNA, more Americans than 


“See NSB (1987), pp. 1436. 

‘These results are based on coding of the open-ended survey questions 
at the Public Opinion Laboratory, Northern Illinois University, and at 
Social and Community Planning Research, London, England. Tests were 
made of intercoder reliability and of consistency of the categories into 
which responses were coded. 

‘Ina 1987 survey, Japanese respondents also found computer software 
more familiar than DNA. See NSB (1987), appendix table 8-4. 


Text table 8-1. U.S. and British publics’ a 
of scientific terms and scientific method: 1968 


Percent 
answering 
correctly 
U.S. Britain 
Terms 
Computer software ... 0.0... cee 27 26 
DA Reans i uebedecceceeececssoenees 22 #413 
Radiation 
Scientific understanding ............... 6 NA 
PEED bb cbccdecotcoescececees 25 NA 
GolenMMc MOMS .. ww. cece cece cceces 17 23 
N= 2,041 2,009 
NA = Noi asked. 
See appendix tables 8-1 and 8-2. 
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Britons appear to know what it is. On the other hand, very 
few Americans could give a definition of radiation that 
had some scientific content.’ A larger number—a quarter 
of the U.S. sample—were able to give a less technical 
account of radiation, usually in terms of its effects or uses."* 
(See appendix table 8-1.) 

Scientific Method. Another important aspect of being 
scientifically literate is having some knowledge of the 
methods and styles of thinking that characterize science. 
Advertising and the entertainment and news media often 
contain claims that some result has been established scien- 
tifically. The public should understand the habits of mind 
and procedures of science well enough to know what this 
claim means—and, perhaps, even to decide when it is 
likely to be true. In addition, scientific thinking is a think- 
ing style that individuals often find valuable in their per- 
sonal lives. 

The question of what the public knows about the think- 
ing or methods of science is a large one, but some informa- 
tion about it exists. (See text table 8-1.) Approximately 20 
percent of the U.S. and British publics could explain what 
scientific study is. Three types of answers were regarded 
as correct. The first type had to do with the formulation 
and testing of hypotheses, leadii.g to our best current 
understanding of nature. The second type had to do with 
performing experiments. The third type had to do with 
weighing all the evidence with an open mind.'* More 
Britons than Americans gave correct answers. The first two 
answers were given in nearly equal numbers in both 
countries, but more Britons than Americans gave the third 
correct answer. (See appendix table 8-2.) 


Knowledge of Scientific Conclusions 


A large part of being scientifically literate is knowing 
some of the conclusions that science has reached. Scientific 
research constantly produces new information of both 
theoretical and practical interest. The scientific community 
ought to be concerned about how much of this information 
has reached the public, both to expand people's intellec- 
tual horizons and to increase their ability to function in a 
technological society. 

Physics and Earth Science. Public knowledge in this 
area was measured with seven questions, ranging from the 
very simple—e.g., whether hot air rises—-to the more tech- 
nical—e.g., how a laser works. (See text table 8-2.) There is 
a correspondingly wide variation in the numbers answer- 
ing different questions correctly. While nearly everyone 
knew that hot air rises, only a minority knew that electrons 
are smaller than atoms or that lasers do not focus sound 
waves. The question about electrons is significant because 
it has todo with an elementary feature of the atomic theory 


"Acceptable ar answers referred to “energy” or ‘waves,’ ‘for example. 
“Answers in this group might refer to “bombs,” “the sun,” “can kill 
you,” “cancer,” “‘fallout,”’ “power plants,” or to medical uses. 

'*A fourth group of respondents answered in terms of looking at things 
carefully. The remaining responses were unclassifiable. (See appendix 
table 8-2.) Responses for the U.S. sample were coded at the Public Opin- 
ion Laboratory, Northern Illinois University, with tests of intercoder 
reliability. 


Text table 8-2. U.S. and British publics 
of facts of physics and earth science: 1988 
Percent 
answering 
correctly 
U.S. Britain 
“Hot airrises.” 2.2.2.0... 00.00.00 00200055- 97 97 
“The oxygen we breathe comes from piants.” .. 81 60 
“The center of the earth is very hot.” ......... 80 686 
“The continents on which we live have been 
moving thir location for millions of years and 
will continue to move in the future." ......... 80 71 
“Which travels faster, light or sound?” ........ 76 0«= 75 
“Electrons are smatl'er than atoms.” .......... 43 31 
“Lasers work by focusing sound waves.” ...... 36 08 42 
Correct responses to all seven questions.... 15 12 
N= 2,041 2,099 


‘British wording: ‘The conwne, are moving slowly about on the surface of 
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of matter. Those who do not know the relative sizes of 
electrons and atoms are unlikely to have much compre- 
hension of the structure of matter. 

It is often more useful to look at the numbers who 
answered a group of questions correctly rather than look 
at individual questions. Individual questions can be an- 
swered correctly by guessing,”’ but it is not likely that 
someone can guess all the correct answers to a set of 
questions. Only 15 percent of American respondents were 
able to answer all the listed questions correctly. (See text 
table 8-2.) 

British respondents, who were asked the same set of 
questions, did a little worse. While they scored about the 
same as Americans on several questions, they did relative- 
ly poorly on the questions about oxygen coming from 
plants and electrons being smaller than atoms; overall, 
only 12 percent answered all the questions correctly.”! 

Astronomy. Some disappointing results were also ob- 
tained regarding public knowledge about astronomy. (See 
text table 8-3.) While most people knew that the earth 
moves around the sun, 21 percent of American respon- 
dents thought the sun moved around the earth and 7 
percent had no answer. (See appendix table 8-4.) Even 
more British respondents answered incorrectly. In both 
countries, about 19 percent of respondents knew that the 


*’Thus, the percentage of the public that actually knows some item of 
scientific information will be lower than reported here in many cases 

“'Many of the items on text table 8-2 and later tables were developed 
by the Oxford University /Social and Community Planning Research 
team as part of the ‘Oxford Scientific Knowledge Scale.”’ 


lob 


Text table 8-3. U.S., British, and European 
Community publics’ knowledge of facts 
regarding astronomy 


Percent answering 
correctly 


U.S. Britain EC 
(1988) (1988) (1989) 


“tn the entire universe, there are 

thousands of planets like our own on 

which life could have developed.” 67 NA NA 

“The universe began with a huge 

explosion.” ................2.055. 54 64 NA 

“Does the earth go around the sun, or 

does the sun go around the earth?” .. 73 63 83 

“How long does it take for the earth to 

go around the sun?" .............. 45 34 63 
N= 2,041 2,009 11,678 

NA = Not asked. 

‘Question was asked only of those who said earth goes around su: . 

Percentages are based on total sample. 

See appendix table 8-4. 
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earth goes around the sun, but thought that this motion 
takes one day or one month; another 8 percent to 10 
percent knew the earth goes around the sun, but did not 
know how long it takes. 

The same two questions were asked in a 1989 survey of 
the 12 countries of the European Community.” In the 
Furopean Community as a whole, the percentage that 
xnew that the earth goes around the sun was higher than 
in the U.S. and British surveys. Only 11 percent thought 
the sun goes around the earth. (See text table 8-3 and 
appendix table 8-4.) 

The question about whether the universe began with a 
huge explosion (the “Big Bang’’) was ar swered correctly 
by a majority in both the United States and Britain. (See 
text table 8-3.) The U.S. response was characterized by a 
.-Tge percentage saying that was “definitely true,’’ while 
another large percentage had no answer. (See appendix 
table 8-4.) 

A related survey in 1986 studied the cosmological beliefs 
of Americans more deeply.” Fifty-five percent understood 
that the sun is a star like millions of others; 37 percent said 
that the sun will eventually burn out, thus 


a 


= 
Sal ve rays aii 


“Interviewing was done in March and April 1989 by survey institutes 
in the individual countries, with coordination by the Faits et Opinions 
organization in Parts. Sample sizes were about 1,000 in each country 
except for the United Kingdom (1,276) and Luxembourg (303) tora total 
sample size of 11,678. To estimate the average tor the enitire European 
Community, responses from the individual countries were weighted 
according to national population counts of persons 15 ycars of age or 
older. See CEC (1989) 

‘Lightman and Miller (1989) 


understanding of the impermanent nature of stars. The 
large numbers who believe in unidentified flying objects 
from other civilizations suggest a failure to understand the 
cosmic scale of distances and the consequent time it would 
take to travel from another star system to ours.** 

An understanding of the Big Bang theory would lead to 
the conclusion that the universe is getting bigger, but only 
24 percent of American adults gave that response.** About 
59 percent said the universe is remaining constant in size. 
About 19 percent stated, in response to another question, 
that they would be troubled to learn that the universe is 
expanding. 

The most important characteristic of respondents in 
predicting their cosmological understanding was educa- 
tion. Other significant characteristics, in order of impor- 
tance, were: 


© Gender (men tended to have more understanding), 


© Age (the 30- to 49-year-old age group had more cos- 
mological understanding than younger or older 
groups), and 


¢ Church membership (nonmembers had more under- 
standing).”° 


Probability. An important dimension of science lit- 
eracy is mathematical literacy, the ability to comprehend 
magnitudes and make simple estimations. One aspect of 
mathematical facility is comprehending statements about 
probability. The U.S. and British publics did relatively well 
in this area. (See text table 8-4.) The question asked for the 
meaning of the statement that a couple has a “one in four 
chance” of having a child who will inherit a ce’tain illness. 
Respondents were offered four possible interpretations of 
that statement, of which only one was correct. 

Most respondents were able to recognize and reject the 
wrong interpretations and endorse the right one. (See text 
table 8-4.) Americans did better than the British in rejecting 
the wrong responses, but they also rejected the right re- 
sponse more frequently—23 percent r-jected option <. (See 
appendix table 8-5.) As a result, more Britons than Amer- 
icans got all four questions right, though more Americans 
got three right. 

Health. Some items of scientific knowledge are not 
only of intellectual interest, but can also affect the way 
people behave. This is especially true for information 
about health. When American and British respondents 
were asked a set of health questions, their resporises were 
very similar. (See text table 8-5.) There was a very high 
level of recognition that sunlight can cause skin cancer and 
that cigarette smokiny causes lung cancer. A majority 
knew that radioactive rnilk cannot be made safe by boiling 
it ’” However, only a small minority knew that antibiotics 


In 1985, 43 percent of American respondents said that “‘It is likely that 
some of the unidentified flying objects that have been reporte 4 are really 
space vehicles from other civilizations.” See NSB (1987), p. 154. In 1988, 
a question that was similar but encouraged more “don’t know” responses 
received 25 percent affirmative answers and 32 percent ‘‘don’t know.” 

Lightman and Miller (1989). 

*These effects are calculated independently, so that any difference in 
education between the genders, for example, is corrected for. 

” According to news stories, this was a practical issue for some Soviet 
citizens immediately after the Chernobyl accident. 


Text table 8-4. U.S. and British publics’ 


understanding of probability: 1988 
Percent 
answering 
correctly 
U.S. Britain 

“Now, think about this situation. A doctor tells a 
couple that their genetic makeup means that 

they've got a one in four chance of having a 

child with an inherited iliness.” 

a. “Does this mean that if they have only 

three children, none will have the iliness?” ... 87 84 
b. “Does this mean that if their first child has 

the iliness, the next three will not?” ......... 86 =80 


c. “Does this mean that each of the couple's 
children has the same risk of suffering from 
theiliness?” ... 2.2... ee eee eee eee 72 #882 


d. “Does this mean that if their first three 
children are healthy, the fourth will have the 


DEE 25tinbbkéeeenhesendeeetooneses 84 38680 
Correct responses to all four questions ...... 57 66 

N= 2,041 2,009 
See appendix table 8-5. 
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cannot kill viruses. This lack of information could be im- 
portant to someone who is being treated for influenza, or 
to someone who expects a cancer cure in the near future. 

American and British respondents were also asked 
whether certain things contribute to heart disease. (See text 
table 8-5.) Almost all recognized that stress, smoking, not 
exercising, and eating animal fat do contribute. However, 
there was confusion about four other possible causes: not 
eating fresh fruit, lack of vitamins, not eating much fiber, 
and eating food with additives. In the first three cases, 
roughly as many people thought they caused heart disease 
as thought they did not. (See appendix table 8-6.) There 
was especially strong feeling that food additives can con- 
tribute to heart disease. It is possible that the public has 
absorbed a set of rules about good health habits (e.g., eat 
vitamins, don’t eat fat) without knowing exactly which 
sicknesses these rules are intended to prevent. 

Only 7 percent of American respondents, and 9 percent 
of the British, knew exactly which items do and do not 
cause heart disease. Responses from the two countries 
were very similar, except that there may be less concern in 
Britain about the effect of eating animal fat.” 


**U.S. and British respondents were also asked which is the most 
serious cause of heart disease in their country today. The three most 
frequently mentioned items in the U.S. were smoking (38 percent), eating 
animal fat (25 percent), and stress (18 percent). In Britain, this order was 
somewhat reversed, as respondents reported smoking (41 percent), stress 
(27 percent), and eating animal fat (20 percent). 


Text table &-5. U.S. and British publics’ knowledge 


about health: 1988 
Percent 
answering 
correctly 
U.S. Britain 
“Sunlight can cause skin cancer.” .......... 97 94 
“Cigarette smoking causes lung cancer 96 NA 
“Radioactive milk can be made safe by 
CE” <cncceneanenegceseesseeseess 64 865 
“Antibiotics kill viruses as well as bacteria. 2 28 
items contributing to heart disease 
ED ach ceeaeesvddeeneesseeexee ewes 96 95 
Smoking ...............0000 eee eee 9 93 
Not getting much exercise .............. 95 91 
Eating a lot of animal fat................ 94 «=«87 
Eating very little fresh fruit .............. 44 47 
Lack of vitamins ...................... 43 39 
Eating very little fiber .................. 41 45 
Eating food with a lot of additives ......... 25 29 
Correct response on ali eight items ....... 7 9 
N= 2,041 2,009 
NA = Not asked. 
See appendix table 8-6. 
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Human Origins. Quite a different sort of scientific in- 
formation has to do with the origins of the human species. 
This issue is not only connected with scientific literacy, but 
also with antiscientific beliefs, which are discussed in the 
next section of this chapter. Nearly half of Americans 
believe that the human species is descended from earlier 
animals, while the percentage of British who believe this 
is much higher.” (See text table 8-6.) Nearly as many 
Americans reject human evolution (43 percent) as accept 
it. (See appendix table 8-7.) In Britain, as well as in Japan, 
there is no group of comparable size that opposes the idea 
of human evolution.” 

The same question was asked in all 12 countries of the 
European Community in 1989. (See text table 8-6 and 
appendix table 8-7.) For the Community as a whole, there 
was a higher percentage answering correctly and a lower 
percentage answering incorrectly (only 24 percent) than in 
the United States. No European Community country had 
as large a minority opposed to human evolution as the 
United States has. According to preliminary data, the high- 
est levels of rejection of evolution in the European Com- 
munity were in The Netherlands (35 percent) and in Ire- 
land (32 percent). 


“The British question allowed both ‘definitely true” and “probably 
true’’ as answers; the U.S. question did not. This may have caused a small 
increase in the relative numbers of Britons giving a positive answer, but 
there is still not nearly the same percentage of Britons as Americans giving 
a negative answer to the evolution question. (See appendix table 8-7.) 

“For Japanese attitudes on this subject, see NSB (1987), pp. 153-55. 
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Text table 8-6. Beliefs of U.S., British, and European 
Community publics regarding human origins 


Percent answering 
correctly 
U.S. Britain EC 
(1988) (1988) (1989) 
“Human beings as we know them 
today developed from earlier species 
of animals." ...............0...... 46 79 62 
The earliest humans lived at the 
same time as dinosaurs.” ........... 37 46 47 
N= 2,041 2,009 11,678 
NA = Not asked. 


See appendix table 8-7. 
Science & Engineering indicators— 1989 


American and British respondents were also asked 
whether early humans lived at the same time as the di- 
nosaurs. (See text table 8-6.) More Americans gave the 
incorrect answer than the correct one to this question. (See 
appendix table 8-7.) This may be due to the frequent 
depiction of humans and dinosaurs together in popular 
comics and films, like the Flintstones. 

Interestingly, 48 percent of those Americans who be- 
lieved in human evolution mistakenly believed that hu- 
mans lived at the same time as dinosaurs. About as many 
(44 percent) of those who did not believe in evolution 
similarly believed humans and dinosaurs shared the earth 
for a time. Many people do not seem to recognize the long 
periods of time and the relatively late appearance of hu- 
mans that the theory of evolution involves. This is true 
equally of those who accept evolution and of those who 
do not. In all, only 18 percent of American respondents 
both believed in human evolution and knew that humans 
and dinosaurs did not : oexist. 

More British than American respondents knew that hu- 
mans did not live at the same time as dinosaurs. (See text 
table 8-6.) In the case of the British, 33 percent of those who 
believed in human evolution believed that humans lived 
at the time of the dinosaurs, while 30 percent of those who 
did not believe in evolution believed that humans and 
dinosaurs coexisted. Again, there is little connection be- 
tween the responses to the two questions. About 38 per- 
cent of the British believed that human evolution is “def- 
initely true” or “probably true” and also knew that 
humans did not live in the time of the dinosaurs. 

In the United States, human evolution is accepted more 
often: 


© By males than by females—52 percent versus 40 per- 
cent, 


© By younger people (those aged 18 to 24) than by those 
65 and older—54 percent versus 37 percent, and 


© By the more educated (college graduates) than by the 
less educated (those who did not finish high school) — 
63 percent versus 41 percent. 


Scientific and Other World Pictures 


Characteristics of Those Who Accept/Reject Scientific 
Conclusions. A recent analysis of the present set of U.S. 
and British data looked for the characteristics of those who 
accept or reject scientific conclusions in the areas of cos- 
mology and evolutionary theory.*' Reviewing the data 
discussed above, the study found that more Britons than 
Americans accept the Big Bang theory of the origin of the 
universe—64 percent versus 54 percent. (See text table 8-3.) 
It also found a very large difference in the number of 
Britons and Americans who accept human evolution—79 
percent versus 46 percent. (See text table 8-6.) 

The responses to these two questions were analyzed in 
terms of the responses to two others: (1) whether humans 
existed at the same time as dinosaurs (see text table 8-6), 
and (2) whether we depend too much on science and not 
enough on faith (see text table 8-10). 

In both countries, a respondent’s acceptance of human 
evolution is strongly associated with his or her acceptance 
of the Big Bang. Those who believed that we should de- 
pend more on faith were especially likely to reject human 
evolution; they were somewhat less likely to reject the Big 
Bang. The connection between reliance on faith and rejec- 
tion of human evolution was particularly strong in the 
United States. 

Further analysis found that the British responses to the 
Big Bang question could be explained entirely in terms of 
the respondents’ levels of scientific knowledge—i.e., no 
effect was due to respondent education or religious belief. 
In the case of human evolution, however, both scientific 
knowledge and religious belief emerged as significant ex- 
planatory variables. Comparable data are not available for 
the United States.” 

Limits of Scientific Method. While the U.S. public has 
considerable respect for science, it clearly has other inter- 
ests. Many people feel that science is a limited field of 
study and that many important areas of life cannot be 
understood in scientific terms. For example, a majority of 
Americans believes that scientists will never be able to 
understand the workings of the human mind as well as 
they understand the physical world, and a large majority 
believes that there are good ways of treating sickness that 
medical science does not recognize.** 

The general question of what things cannot be studied 
scientifically was asked of the U.S. public in 1957 and 1988. 
(See text table 8-7.) In 1988, a majority believed that science 
can delve into anything. This is more than the number who 
gave that answer in 1957, but in that year there was an 
especially large number who had no opinion. 


See Evans and Durant (1989); also Durant, Evans, and 1 
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“However, the 1985 survey of U.S. adult public atti: 0 ward 
science and technology (reported in NSB, 1987, chapter 8) fo . mong 
other things—that 14 percent of church members “‘strongi, <'. \zreed’’ 


with human evolution, while only 3 percent of nonmembers did so. 
“See NSB (1987), p. 156. 
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Text table &-7. Public belief about the limits of the 


scientific approach: 1957 and 1988 
1988 
(Percent) 
Science cannot study 
Some things, but cannot say what .......... 6 
Religion, God, faith ...................... 12 
Human behavior, thought ................. 6 
Nature: remote parts, origin; disease ........ 4 
Values, humanities, literature .............. 2 
Spiritual, unknown ...................... 1 
GE Sc écaceukendvakesesanseserierees 1 
Science can study anything ................. 59 
Don't know/no answer ..................... 8 
N = 2,041 
1957 
Science cannot study 
Some things, but don't know what they are ... 13 
Religion, faith, the Bible .................. 5 
Human behavior, thought ................. 4 
Spiritual realms and beings ............... 2 
Aesthetic things, art, beauty ............... 1 
Humanistic areas, history, philosophy ....... 1 
Other miscellaneous areas................ 3 
Science can study anything ................. 47 
Don't know/no answer .................0... 26 
N = 1,919 


1988: “Are there any things that cannot be studied scientifically?” 
IF YES: “What are some things that cannot be studied scientifically?” 
1957: “Are there any things that can't be studied scientifically?” 
Note: Multiple answers were accepted in 1957. 
SOURCES: Survey Research Center (1958); Miller (1989a). 
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Of the respondents who thought that some things can- 
not be studied scientifically, few in either year could name 
anything specifically. The answers that were given tended 
to center on the spiritual or religious. Other answers 
broadly referred to human thought and values. For some 
respondents, human origins evidently fall into this human 
and religious area that is outside the scope of science. 

Nonscientific Beliefs. Large portions of the public 
hold beliefs that are inconsistent with the scientific world 
picture. For example, 44 percent believed in 1985 that 
rocket launchings and other space activities have caused 
changes in our weather.* This is inconsistent with scien- 
tific knowledge about the causes of weather changes or the 
effect something as small as a rocket could have on the 
atmosphere. In 1988, 37 percent of Americans believed that 
some numbers are especially lucky for some people.» 


“See NSB (1987), p. 154. 
“In addition, 58 percent disagreed and 5 percent had no opinion. 


Again, number mysticism in its various forms is incom- 
patible with the kind of causality recognized by science. 

Astrology offers an especially interesting alternative to 
the scientific world picture. Influences of a kind that sci- 
ence does not recognize, coming from various astral bod- 
ies, are supposed to affect the characters of individuals and 
what happens to them. Knowledge of these influences is 
supposed to help in predicting the future, somewhat in the 
way the laws of a given science are used in making predic- 
tions. Technical language, charts, and calculations are em- 
ployed that have some resemblance to those employed in 
the sciences, especially astronomy. 

Perhaps because of these similarities, a significant por- 
tion of the public has astrology somewhat confuse? with 
science. (See text table 8-8.) While not many consider as- 
trology “very scientific,” a large minority regards it as 
“sort of scientific’’; 37 percent give one answer or the other. 
On the other hand, the number who consider astrology 
“not at all scientific’ has increased since 1979. The scien- 
tific status of astrology is accepted more often by women 
than by men, by those in the youngest age group (18 to 24), 
and by those with the least education. (See appendix table 
8-8.) 

While 17 percent of Americans say they read their per- 
sonal astrology reports ‘‘every day” or “quite often,” the 
number who say they act on these reports is much smaller, 
in the range of 5 percent to 8 percent. (See text table 8-8.) 
However, in view of the social stigma sometimes attached 
to such practices as astrology, the actual frequency may be 
higher than reported here. The same variation with gen- 
der, age, and education is seen as with the question on 
whether astrology is scientific. (See appendix table 8-8.) 


Text table 8-8. Public attitudes toward astrology 


1979 1985 1988 
—— Percent —— 
“Would you say thai astrology is very 
scientific, sort of scientific, or not at all 
scientific?” 
MN céeneseeecededeeerneevecnsss 8 8 6 
EE vedceeesd uecee ves oesceneus 34 31 31 
Notatall 0.00... c cece eae 50 57 60 
Don't know/no answer ............. 9 4 3 
“In your daily life, do you sometimes 
decide to do or not to do something 
because your astrological signs for the 
day are favorable or unfavorable?” 
We Sécensewececneeeeceiadeeeasus 5 8 6 
Oe cnucacdaecepecésceksavesscess 9 88 94 
Don't know/no answer ............. NA 4 0 
N= 1,635 2,005 2,041 
NA = Not asked 
See appendix table 8-8 
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Those respondents who said in 1988 that they act on 
their astrological forecasts were further asked what those 
actions were. Fewer than half gave an answer. Of the 
answers given, many had to do with being careful about 
traveling or going out. Not spending money was the sub- 
ject mentioned next in frequency. 

In some respects, the British public shows more support 
for astrology than does the U.S. public. While only 6 per- 
cent of Americans consider astrology very scientific, at 
least 12 percent of Britons do.* The readership of personal 
astrology reports is greater in Britain than in the United 
States.” The number of Britons who claim to take horo- 
scopes “very seriously” or “‘seriously”’ is 6 percent; about 
that many Americans say they act on horoscopes. 

Similarly, the number of Britons who say they are se- 
rious or very serious about practices like touching wood 
or not walking under ladders is about 18 percent. As 
suggested above, reports of this kind are likely to be un- 
derstated. 


PUBLIC ATTITUDES 


It is valuable to know the level of public science and 
technology literacy, as discussed above, but it is also im- 
portant to know the feelings the public has about science 
and technology. In a democratic society, decisionmakers 
need to be aware of the degree to which the public sup- 
ports certain S&T-related policies. It is equally important 
for those professionally involved with S&T to know the 
areas in which they have much or little public support. 
This section discusses the attitudes of the U.S. public to- 
ward science in general, its attitudes toward scientists, and 
its attitudes regarding some specific areas of policy that 
concern science and technology. Where possible, com- 
parisons are made with earlier U.S. data and with the data 
recently obtained in the parallel British survey. 


Attitudes Toward Science in General 


Questions about the public’s overall approval or disap- 
proval of science have been asked in national surveys at 
least since 1957. In that year, the National Association of 
Science Writers sponsored a major survey of public inter- 
est, attitudes, information acquisition, and information 
needs regarding science. * This survey was the benchmark 
for all later studies, since it was performed just before the 
launching of Sputnik and the consequent changes in 
American attitudes and policies regarding S&T. 

One of the 1957 questions that asked about general 
public support for science was repeated in the 1988 survey. 
(See text table 8-9.) Interestingly, there was virtually no 
change between the two surveys in the high percentage of 
respondents who believed that the world is better off 


*The British question asked respondents to place astrology on a 5-point 
scale, ranging from 1 for “not at all scientific’ to 5 for “very scientific.” 
Twelve percent scored astrology 5, and 14 percent scored it 4. Therefore, 
between 12 percent and 26 percent of Britons gave an answer equivalent 
to “very scientific’ in the American version of the question 

"Sixty-three percent of Americans, but 72 percent of Britons, say they 
read horoscopes at least sometimes. 

“See Survey Research Center (1958) 


Text table 8-9. U.S. and British assessments of the 
benefits and harms due to science 


1957 1988 
— Percent - 


United States 


“All things considered, would you say that the 
world is better off or worse off because of 


science?” 
Better 2... ccc eee ee 88 88 
en ccc eccecesecvoecesees 3 4 
I ta nec cncenccecteceeese 3 7 
Don't know/no answer ................... 6 1 
N= 1,919 999 
and mental iliness. 
Dali ks s3d boo ehes bs dea 0eneee sees 47 23 
EE ieee eee aeksinsieecseeiseasses 45 75 
Don't know/no answer ................... 8 2 
N= 1,919 1,481 
Britain 
“The benefits of science are greater than any 
SRT TTP eee NA 44 
ET bd nekudes 6606 bese cehsoseseevees NA 18 
i ttrheceaeecatceseeieescensees NA 32 
Don't know/no answer ................... NA 6 
N= 2,009 
NA = Not asked. 
'Volunteered by respondent. 


SOURCES: Survey Research Center (1958); Miller (1989a); Oxtord (1988); 
and NORC (1988), 366. 
See appendix table 8-9. 
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because of science. This consistency remains despite a long 
time lapse and the many events involving S&T that have 
occurred in public life, such as technological accidents, 
increased awareness of environmental pollution, and new 
medical discoveries. 

Of course, some attitudes have changed over the 31-year 
period. For example, the number of people who believe 
that science will solve social problems like crime and 
mental illness has dropped significantiy. (See text table 
8-9.) This may reflect a more realistic contemporary view 
of the powers of science, but the public still does not 
withhold its overall support. The same conclusion can be 
drawn from the responses to two other questions that 
compare the benefits with the harms due to science. (See 
appendix table 8-9.) During the 1972-88 period, there have 
been yearly fluctuations, but—overall-—the public over- 
whelmingly believes that the benefits of science outweigh 
the harmful effects. 

A similar, though not identical, question about the ben- 
efits of science was asked in the British survey. (See text 
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Text table 8-10. U.S. and British publics’ 
assessment of the effects of science on 


everyday values 
U.S. Britain 
1957 1988 1988 
—— 
a. “Science is making our lives healthier, 
GN os icqwewuneesdndceececvess 94 8 73 
Neither ....................2.... _-_ — 12 
Disagree ..................00005. 3 13 14 
Don't know/no answer ............. 3 2 1 
b. “Science makes our way of life change 
MD 6 6.060664004046508 400505005 43 40 49 
er eer —~ 16 
Disagree ............. 0.002 e eee 51 59 32 
Don't know/no answer ............. 6 2 3 
c. “One of the bad effects of science is 
that it breaks down people's ideas of right 
SD oe-sicarbeux ann ekcasecneees 23 33 #£=;\NA 
ID acc caveceeriauesssssses 67 61 #£=™\NA 
Don't know/no answer ............. 10 6 NA 
d. “We depend too much on science and 
not enough on faith.” 
Rr rerrre ree rere 50 51 44 
Neither ... 2.2... 2.2.0... 0 eee ee eee 3 — 19 
Disagree .............. 0.000000 ee 21 4 
Don't know/no answer ............. 16 6 2 


N= 1,919 2,041 2,009 


NA = This question not asked these respondents; — = this option not offered 
these respondents. 
Note: For variations in question wording, see appendix table 8-10. 
See appendix table 8-10. 
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table 8-9.) There are enough negative responses to suggest 
strongly that the British public is not as convinced of the 
benefits of science as is the American public. 

Four other questions repeated from 1957 also reflect 
broad public feelings about science. (See text table 8-10.) 
Substantial majorities of Americans continue to believe 
that science is making our lives healthier, easier, and more 
comfortable (question a) and that science does not break 
down people's ideas of right and wrong (question c). In 
both cases, however, there was less support for science in 
1988 than in 1957. Apparently, the more negative senti- 
ments actually developed between 1957 and 1979. Addi- 
tional data show that little change in the responses to these 
two questions is seen from 1979 to 1988. (See appendix 
table 8-10.) 


*Since appendix table 8-9 shows virtually no change in the level of 
public support for science in the 1970s, it seems fair to say that any decline 
in public support took place sometime between 1957 and 1972. 


As for whether science makes our way of life change too 
fast (question b), and whether we depend too much on 
science and not enough on faith (question d), the numbers 
who reject these negative assessments may actually have 
increased slightly from 1957 to 1988. This would be a 
positive development in public opinion toward science.” 

Britons are more likely than Americans to agree that 
science makes our way of life change too fast (question b); 
also, fewer Britons seem to agree that science makes our 
lives healthier, easier, and more comfortable (question a).*! 
(See text table 8-10.) These results are consistent with those 
on text table 8-9, and reflect the fact that Americans express 
more positive overall assessments. In general, the support 
of science on the part of the U.S. public—when expressed 
in very broad terms—seems to have held up quite well 
since 1957, though dissenting opinions increased in some 
areas between 1957 and 1979. 


Attitudes Toward Scientists 


The public’s broad feelings about scientists are also of 
interest. Forexample, when students are deciding whether 
to pursue a career in science, the general picture they or 
their parents have of scientists as persons may influence 
their choice. Also, the scientific community issues various 
kinds of information and/or warnings to the public in 
connection with health and diet, environmental pollution, 
energy sources, the need for funding different research 
facilities, etc. The public’s acceptance of these communica- 
tions can be affected by the level of confidence it has in 
scientists and its attitudes about them. 

One measure of the public’s view of scientists is the 
degree of confidence it has in leaders of the scientific 
community compared with those in other public institu- 
tions. (See figure 8-1.) This indicator is understood to 
represent the level of confidence in the institutions them- 
selves.” 

Since 1973, the scientific community has almost always 
ranked second only to medicine among the 13 institutions 
surveyed. (For the entire list of institutions, see appendix 
table 8-11.) This is a strong indication of support for sci- 
ence; more so since medicine is also a highly science- 


“In early 1988, the National Opinion Research Center fielded two 
questions identical with those on text table 8-10. The responses—obtained 
by personal interview rather than by telephone and with a different 
sample—were very similar to those on the table and lend support to the 
quality of the present data. To question b, the responses were: 

* Agree—40 percent, 

¢ Disagree—58 percent, and 

¢ Don’t know/no answer—2 percent. 

To question c, the responses were: 

¢ Agree—32 percent, 

¢ Disagree—65 percent, and 

¢ Don't know/no answer—3 percent. 

The sample size was 1,481. See NORC (1988), p. 366. 

“Comparison is complicated by the existence of the middle response 
category in the British, but not the American, administration of these 
questions. The middle category does not affect the great difference be- 
tween the U.S. and British responses on question b, and it probably does 
not on question a. In the case of question d, however, the large percentage 
responding “‘neither” on the British survey precludes comparison with 
the U.S. result. 

“Smith (1981). 


oriented profession. While there are distinct year-to-year 
fluctuations, the general trend is that the average level of 
confidence in all these institutions has decreased since the 
early 1970s. During this time, the scientific community has 
gained in relation to the average for all institutions. (See 
appendix text table 8-11.) 

Other results allow current attitudes toward scientists 
to be compared with those expressed in 1957. (See text 
table 8-11.) A large majority agrees that most scientists 
want to work on things that will make life better for the 
average person, and a substantial majority disagrees with 
the statement that scientists are prying into things they 
ought to stay out of. For both statements, however, sup- 
port for science was lower in 1988 than in 1957. This is 
consistent with the earlier results that show public support 
remaining high, but not as high as in 1957. Another ques- 
tion asked whether scientific researchers have a power that 
makes them dangerous. Again, a majority rejected the 
critical opinion in 1988. In 1985, however, a majority be- 
lieved that scientists are dangerous. 

These questions are useful for identifying trends in the 
general public feeling about scientists and also for iden- 
tifying those groups within the public that are less sup- 
portive of science. For example, suspicion of the power of 
scientists was strongly dependent on level of education in 
1988, with 52 percent of those lacking a high school di- 
ploma believing that scientists are dangerous. Similarly, 
there is a dependence on age: 48 percent of those over age 
65 take that view. Those least likely to consider scientists 
dangerous are college-educated, aged 25 to 34, and male. 


Figure 8-1. 
Percentage of public expressing great confidence in 
people running selected institutions 
Percent) 
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See appendix table 8-11. 
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Text table 811. Public attitudes toward scientists 


1957 1988 
~ Percent — 
“Most scientists want to work on things that will 
make life better for the average person.” 
Rec acedericccscedeereceesevess 90 @6—80 
CA wceveseagccceeevesessceeecees 5 17 
Don't know/no answer ................... 5 3 


N= 1,919 2,041 


“Scientists always seem to be prying into things 


they really ought to stay out of.” 
Nea beaeee eee sesteenseeeees recs 22 34 
a cenescsanevectivestvcervesses 70 «64 
Don't know/no answer ................... 8 2 
N= 1,919 1,481 
1985 1988 
“Because of their knowledge, scientific 
researchers have a power that makes them 
Rt ce 6ebneceed ssbeseussebaveesedes 55 38 
cameakeanassse6eusdadseeanns ys 42 59 
Don't know/no answer ................... 4 3 
N= 2,005 2,041 


SOURCES: Survey Research Center (1958); Miller (1985); Miller (1989a); 
NORC (1988). 
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Those 1988 respondents who ceasidered scientists to 
have dangerous powers (38 percent of those interviewed) 
were further asked what these dangerous powers were. A 
large portion could not give a definite answer. (See text 
table 8-12.) Of the answers given, the most commonly 
mentioned area by far had to do with nuclear power, 
nuclear weapons, and radiation. There was also some 
mention of biological research and weapons in general. 


Attitudes About Specific Policy Areas 


A number of specific policy areas were selected for 
special study. These supplement the broad questions dis- 
cussed above by moving away from science in general into 
matters of practical concern. One issue is whether people 
express the same level of support for science when spe- 
cifics are involved rather than broad notions regarding 
science in general. 

Priorities for Public Spending. One measure of public 
support for science is whether the public wishes the 
government to spend more for it. The U.S. public was 
asked about this in 1981 and again in 1988. (See text table 
8-13.) Scientific research was put on a list of possible areas 
for public funding, in order to compare the public’s inter- 
est in more science with its interest in other important 
matters that call for government funding. As the table 


Text table 8-12. U.S. public’s view of 
powers possessed by scientists: 1988 


; Percent 
Area mentioned enn? 
mentioning 
Nuclear ...............0.0...002-000005. 11 
Biological ................ 2.222220 0 200. 5 
Weapons (nonnuciear)................... 4 
Individual quirks ........................ 1 
Chemicals .................2.-2.0000- 1 
Environmental effects ................... 1 
SL 000-044-540 8040 45095 eee be eeeaes 1 
Vague, no answer ...................... 13 
Not asked’ ................200.2000005. 62 
N= 2,041 


“When you think about scientific researchers who have powers that make 
them dangerous, what kinds of powers do you have in mind?” 
‘Question was asked only of those who had previously answered that 
scientific researchers have a power that makes them dangerous. 
Note: A fuller statement of the responses comprised under these headings 
is given in appendix table 8-12. 
SOURCE: Miller (1989a). 
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shows, the public considers several other areas of public 
policy to require increased funding more urgently than 
does pure science. Some of these areas—like reducing 
pollution and improving health care—require the applica- 
tion of science. From 1981 to 1988, there was a substantial 
increase in public interest in improving education, reduc- 
ing pollution, improving health care, and helping low-in- 
come persons. By contrast, the level of support for more 
pure science funding changed hardly at all over this pe- 
riod. 

The space program, which is also S&T-related, has lower 
public support than scientific research as such. Public 
interest in supporting the space program also did not 
change much from 1981 to 1988. On the other hand, there 
was a large drop in the percentage of the public who 
wished to see more defense expenditures.** 

More detailed information shows that of all the fields 
listed, the public is most neutral about science. (See appen- 
dix table 8-13.) Scientific research is the only policy area in 
which more people feel that the ‘‘right amount’’ is being 
spent, rather than either “too much’ or “‘too little.’’ Nega- 
tive reactions are frequently expressed for space explora- 
tion and national defense, while most people want more 
spending in the other areas. The lukewarm reaction to 
more science spending may reflect the general feeling that 
science is a good thing, but not as appealing as other areas 


*Anexperiment was run in the 1988 survey to see whether the wording 
of the question about defense had a significant effect on the response. (See 
text table 8-13.) The results show that there seems to be some effect: the 
public dislikes the notion of ‘“‘weapons.”’ In any case, the drop in interest 
in defense spending from 1981 to 1988 appears to be substantial regard- 
less of wording. 


Text table 8-13. U.S. and British public support 


for increased government spending on 
certain problems 
US. Britain 
Problem area 1981 1988 1988 
—— Pososn —— 
Helping older people ................ 73. 76 880 
Improving education ................. 61 76 8«=678 
Reducing pollution .................. 52 76 64 
Improving health care ................ 60 67 8&5 
Helping low-income persons .......... 44 55 72 
Supporting scientific research ......... 32 34 47 
Exploring space .................... 18 #17~—~= «12 
Developing and improving weapons for 
national defense .................. 33. NA NA 
Improving national defense’ ........... NA 17 42x\NA 
Developing weapons for national defense’ NA 11 7 
N= 1,655 2,041 2,009 


“We are faced with many problems in this country. I'm going to name some 
of these problems, and for each one, I'd like you to tell me if you think that 
the government is spending too little money on it, about the right amount, or 
too much.” 
NA = Not asked 
Note: Wording shown is for 1988 U.S. survey. Slightly different wording was 
used in 1981 and British survey. 
‘In 1988, the U.S. sample was divided, so that 999 answered this question 
with the first wording, and 1,042 answered it with the second wording. 
SOURCES: Miller (1982), table 13; Miller (1989a); and Oxford (1988). 
See appendix table 8-13. 
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where the usefulness of spending is more direct and im- 
mediate. 

A related question asked the American respondents 
‘Even if it brings no immediate benefits, scientific research 
which advances the frontiers of knowledge is necessary 
and should be supported by the Federal Government.” 
Eighty-one percent of the respondents agreed with this (79 
percent in 1985); this shows overwhelming support for the 
idea that basic research is a suitable subject for Federal 
support. 

British respondents were also asked about the areas in 
which they would like to see more or less government 
funding. (See text table 8-13.) They showed especially high 
interest in improving health care and helping older people 
and little interest in weapons for national defense. With 
regard to scientific research, they seem to have a greater 
desire for increased government funding than Americans 
have. 

Government Regulation of Various Areas of Science and 
Technology. Another area in which the public can ex- 
press its feeling about science and technology has to do 
with its desire to see more or less regulation of them. The 
desire for more regulation is an expression of some kind 
of fear or concern. Substantial minorities of Americans 
think that more regulation is needed in some areas. (See 


text table 8-14.) Basic scientific research does not arouse as 
much concern as chemical food additives or nuclear power 
plants, which affect the public directly. However, about a 
quarter of the public would like to see more regulation of 
basic research, and the number wishing to see such regula- 
tion seems to have increased since 1985. The only instance 
in which the desire for more regulation has decreased 
involves new pharmaceutical products. This may be re- 
lated to the increased public interest in the development 
and dissemination of drugs to treat AIDS and similar 
diseases. 

In most cases, a majority or plurality of respondents 
believes that the present level of regulation is about right. 
(See appendix table 8-14.) The exception is food additives; 
here, a plurality wants more regulation. Food additives 
and nuclear power plants are also the areas in which there 
are large percentages on the side of both more and less 
regulation. 

In terms of demographics: 


® More women than men want to increase reguiation of 
food additives; more women also want to decrease it. 
(Men tend to be neutral.) 


© Young people (18 to 24 years old) especially want less 
regulation of nuclear power. They also definitely op- 
pose regulation of food additives, while older people 
are definitely in favor. 


© The effect of education is quite straightforward: bet- 
ter-educated people are less in favor of regulating 
either food additives or nuclear plant construction. 


Attitudes About the Effects of Computers and Automa- 
tion on Employment. One of the most personal ways in 
which science and technology can affect members of the 
public is in terms of employment—whether they make 
more or fewer jobs available and how they affect the nature 
of people’s jobs. Concerns about the effects of ‘‘automa- 
tion’ and/or “robots” on the nature and availability of 


Text table 8-14. Public support for more regulation 
of various areas of science and technology 


(Percent favoring more regulation) 

Area 1985 1988 
Use of chemical additives infoods............ 38 0 42 
Construction of nuclear power plants.......... 29 «31 
Conduct of genetic engineering research ...... 20 +25 
Conduct of basic scientific research........... 17 23 
Development of new pharmaceutical products 21 16 

N= 2,005 2,041 


“I'm going to read you a shor list of activities and for each one |'d like for 
you to tell me whether you think that the present lieve’ of governmental 
regulation is too high, too low, or about right.” 


SOURCES: Miller (1985); Miller (1989a). 
See appendix table 8-14. 
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Text table 8-15. U.S. and British publics’ attitudes 


toward computers and employment and 
animal research 
U.S. Britain 
1963 1985 1988 1968 
Percent 
Computers and automation will 
create more jobs than they will 
eliminate. 
Ma ttweereecedwessese 422 46 40 SB 
Nether! ..............008, NA NA NA 12 
ee 52 44 52 S50 
Don't know ................ 6 8 8 3 
Research on animals should be 
permitted if it produces information 
about health. 
DE ivdbiopscesccvececes NMA 6&8 5S 3 
Neither’ ................... NA NA NA 9 
Dn cckeceadecscosees NA 3% 42 53 
Don't know ................ NA 7 5 2 
N= 1,630 2,005 2,041 2,009 


“On balance, computers and factory automation will create more jobs than 
they will eliminate.” 
1983 wording: “On balance, computers will create . . .” 
British wording: “More jobs will be created than lost as a result of computers 
and factory automation.” 
“Scientists should be allowed to do research that causes pain and injury to 
animals like dogs and chimpanzees if it produces new information about 
health problems.” 
1985 wording: “Studies (should be permitted) that cause pain and injury to 
animals like dogs and chimpanzees, but which produce new information 
about human disease or health problems.” 
British wording: “. .. about human health problems.” 
NA = Not asked. 
‘This option was offered to respondents in the British survey but not in the 
U.S. surveys. 
SOURCES: Miller (1983); Miller (1985); Oxford (1988); Miller (1989a). 
See appendix table 8-15. 
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work have been widely expressed in many countries for 
many years.“ 

On the overall question of whether computers and auto- 
mation will create more jobs than they will eliminate, 
Americans’ opinions have fluctuated. (See text table 8-15.) 
In 1988, a small majority believed that more jobs will not 
be created. This is very similar to the response expressed 
in 1983, but not in 1985. The British public appears to be 
slightly more skeptical than the American public as to 
whether computers and automation will create jobs. 

Attitudes About Research on Animals. Extensive con- 
troversy surrounds the issue of scientific experimentation 


“A more extensive discussion of public attitudes in this area, which 
compares U.S. with Japanese attitudes, can be found in NSB (1987), pp. 
150-52. 
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on animals. In some well-known instances, public resis- 
tance has prevented or slowed the construction of lab- 
oratory facilities for such research. The U.S. and British 
publics were asked their opinion as to whether research 
that may harm animals should be allowed if it produces 
new information about human health problems. (See text 
table 8-15.) In this context, a small majority of the Amer- 
ican public favors animal research, though not as many as 
in 1985. In Britain, the majority opposes animal research. 

Although a majority of Americans favors animal re- 
search, a substantial minority is opposed. Further data 
help to show where in the public the support and opposi- 
tion are located. (See appendix table 8-15.) Respondents 
were asked whether they strongly agreed, or only general- 
ly agreed, that animal research should be allowed; or 
whether they strongly, or only generally, opposed it. The 
results show that not many in any demographic group 
strongly support animal research, but that there are some 
groups in which it is strongly opposed. 

Opposition is strongest among women and in the 
youngest age group (i.e., those from 18 to 24 years of age). 
Support for animal research clearly increases in older age 
groups. The effect of education is unusual: people with 
only a high school diploma are more opposed to animal 
research than those with more—or less—education. 

Public Support of Space Exploration and Nuclear 
Power. American respondents were asked to assess 
these two areas in terms of their benefits versus the costs 
or risks they entail. In both cases, the level of public sup- 
port was about equal to the level of opposition. (See text 
table 8-16.) Also, in both cases there was slightly less public 
support in 1988 than in the previous survey in 1985. Men 
favor both space exploration and nuclear power to a 


Text table 8-16. Public assessment of space 


exploration and nuclear power 
Area and assessment 1985 1968 
Space exploration 
Benefits greater than costs................ 53 47 
Benefits equal costs’ .................... 2 3 
Costs greater than benefits ............... 40 44 
Don't KNOW 20 cee cece 5 6 
Nuclear power 
Benefits greater thanrisks ................ 49 42 
Benefits equal risks’ ..................... 1 3 
Risks greater than benefits................ 45 48 
UE 6.05.46-6 0066665 64 benseccenens 4 8 
N= 2,005 2,041 


“In your opinion, have the costs of space exploration exceeded its benefits, 
or have the benefits of space exploration exceeded its costs?” 
'Volunteered by respondents. 
SOURCES: Miller (1935); Miller (1989a). 
See appendix table 8-16. 
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greater extent than women do. (See appendix table 8-16.) 
Age does not have a strong effect on attitudes toward the 
space program, except that the oldest group (65 and older) 
is especially opposed. On the other hand, support for 
nuclear power increases among the older groups. Respon- 
dents with more education clearly give more endorsement 
to space exploration. With nuclear power, education is less 
significant, and there are large minorities in opposition 
even among college-educated respondents. 

In 1985 and 1986, a study was made of the effect of the 
Challenger and Chernobyl accidents on public opinion. It 
showed that the Challenger accident in January 1986 had 
been followed by an immediate increase in public support 
for the space program in February 1986. By June 1986, that 
gain had slightly fallen off, when more information had 
been published about the causes of the accident and the 
Rogers Commission report had been issued.* More recent 
data show that by 1988, fewer people believed that the 
benefits of the space program exceed its costs than in 
November 1985, before the accident. (See appendix table 
8-17.) Thus, in the case of the space program, the increased 
support at the time of the accident has dissipated, and the 
overall trend in support has been negative. 


“See NSB (1987), pp. 162-65. 


The Chernobyl accident in April 1986 had no immediate 
noticeable effect on Americans’ assessment of the 
risk/benefit balance for nuclear power. Similar levels of 
support and opposition were seen in February 1986 and 
June 1986.* By July 1988, however, there had evidently 
been an erosion in public support for nuclear power. (See 
appendix table 8-17.) It is not clear how much of this is a 
delayed reaction to the Chernoby] accident. 

The Challenger accident evidently produced an imme- 
diate shift in the levels of public support for science in 
general. From November 1985 to February 1986, there was 
an increase in those who felt that the benefits of scientific 
research exceed the harmful results. However, there was 
a sharp decrease in those who felt that the balance strongly 
favors beneficial results, with a corresponding increase in 
those who felt the balance is only slightly in favor of benefi- 
cial results. This shift persisted in June 1986, but by 1988, 
it was gone and the levels of support expressed in Novem- 
ber 1985 had reappeared. (See appendix table 8-17.) In this 
case, the Challenger—and perhaps also the Chernobyl— 
accident had a transient effect on public opinion. 


*Tbid. 
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Appendix table 1-1. Achievement scores in science, by 


age, gender, and ethnicity: 1970-86 
Gender and ethnicity 1970 1973 1977 1982 1986 
9-year-olds 
_ rere 224.9 2203 219.9 2209 2243 
Male................ 227.66 2225 222.1 221.0 227.3 
Female ............. 222.7 2184 217.7 220.7 221.3 
White ............... 235.9 231.1 2296 229.1 231.9 
Black ............... 178.7 1765 1749 187.1 196.2 
Hispanic ............. NA NA 191.9 189.0 199.4 
13-year-olds 
Ree rrr errr 254.9 249.5 247.4 250.2 251.4 
Male................ 256.8 251.7 251.1 255.7 256.1 
Female ............. 253.0 247.1 243.8 245.0 246.9 
White ............... 263.4 258.6 256.1 257.3 259.2 
Black ............... 214.9 205.3 208.1 2172 221.6 
Hispanic ............. NA NA 213.4 225.5 226.1 
17-year-olds 
. PPP rrerrrre 304.8 295.8 289.6 283.3 288.5 
Male................ 313.8 3043 297.1 2919 2949 
Female ............. 296.7 288.3 282.3 275.2 282.3 
White ............... 311.8 303.9 297.7 293.2 297.5 
MER peceecccceceeee 257.8 2504 2403 2348 252.8 
Hispanic............. NA NA 2623 248.7 259.3 
NA = Not available. 


SOURCE: National Assessment of Educational Progress, The Science Report 
Card: Elements of Risk and Recovery, Report No. 17-S-01 (Princeton: Educational 
Testing Service, 1968). 


See figures 1-1, 1-2, 1-3, and 1-4; figure O-12 in Overview; and text table 1-1. 


Science & Engineering indicators— 1989 
Appendix table 1-2. Levels of scientific used in the National Assessment of 
Educational Progress to classify student achievement scores 

Level of classification Definitions 

Knows everyday science facts Students at this level know some general scientific facts of the \,,e that could be learned from everyday 
experiences. They can read simple graphs, match the distinguishing characteristics of animals, and predict 
the operation of familiar apparatus that work according to mechanical principles. 

Understands simple scientific Students at this level are developing some understanding of simple scientific principles, particularly in the 

principles lite sciences. For example, they exhibit some rudimentary knowledge of the structure and function of plants 
and animais. 

Applies basic scientific information Students at this level can interpret data from simple tables and make inferences about the outcomes of 
experimental procedures. They exhibit knowledge and understanding of the life sciences, including a 
familiarity wi some aspects of animal behavior and ecological relationships. These students also 
demonstrate some knowledge of basic information from the physical sciences. 

Analyzes scientific procedures and Students at this level can evaluate the appropriateness of the design of an experiment. They have more 

data detailed scientific knowledge and the skill to apply their knowledge in interpreting information from text and 
graphs. These students also exhibit a growing understanding of principles from the physical sciences. 

Integrates specialized scientific Students at this level can infer relationships and draw conclusions using detailed scientific knowledge from 

information the physical sciences, particularly chemistry. They also can apply basic principles of genetics and interpret 


the societal implications of research in this field. 


SOURCE: National Assessment of Educational Progress, The Science Report Card: Elements of Risk and Recovery, Report No. 17-S-01 (Princeton: Educational Testing 


Service, 1968). 
See text table 1-1. 


Science & Engineering indicators— 1969 
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Appendix table 1-3. Percentages of 9-year-old students 


gender and ethnicity: 1977-86 
Gender and ethnicity 1977 1982 1966 
Knows everyday science facts 
Total .. 0.0.0... cece eee eee 93.6 95.0 96.3 
ns ¢deeddagnseecternse 94.3 94.0 96.3 
Female ...............4.. 92.9 96.0 96.3 
White ................00.. 97.8 98.1 98.5 
Dn ss¢ceceeeeeuecsseess 73.1 81.2 87.5 
Hispanic .................. 83.1 84.6 89.6 
Understands simple scientific 
principles 
.  FPPPPrrrerrrrrrerr Tre 67.9 70.4 71.4 
DMs ctececeeecetsceseces 69.3 69.3 72.7 
Female .................. 66.4 716 70.1 
MEE ¢¢0eeeeeedeseseesons 76.5 78.0 78.4 
ME aobcececeeesereseves 27.7 38.7 45.1 
Hispanic ..............065. 42.1 41.8 49.1 
Applies basic scientific information 
GE occcceoseesoseceicsecs 26.2 24.8 27.6 
Din ccvevesceeecessesese 276 25.9 29.4 
FOMMO 2.0... cece eeee 24.8 23.7 25.8 
MEE sevececeveessseceess 31.3 30.1 32.6 
DE ecvcenesdasecesseees 8.5 44 10.7 
Hispanic .............0005- 3.8 3.8 8.8 
Analyzes scientific princip'es 
and data 

WEE cececcccdcrsceverseses 3.5 22 3.4 
Male... 0... cece eee 3.9 23 4.0 
Female ... 0.2.0... cece eens 2.9 2.1 2.7 
GED oceccceccocceecceses 43 2.7 43 
DEED cecccedcocccocceseee 0.1 0.4 0.4 
Hispanic .............0005- 0.5 0.0 0.2 


SOURCE: National Assessment of Educationa: Progress, The Science Report 
Card: Elements of Risk and Recovery, Report No. 17-S-01 (Princeton: Educational 
Testing Service, 1968). 
See text table 1-1. 
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Appendix table 1-4. Percentages of 13-year-old students 
scorhig at or above various science proficiency levels, by 


gender and ethnicity: 1977-86 
Gender and ethnicity 1977 19862 1966 
Understands simple scientific 
inciok 

Ui dendeaseceusceaveeuses 85.9 89.6 91.8 

anveveceeeks cdeveces 87.1 91.6 92.9 

MT cdessescoeeseerere 84.6 878 90.7 
White .................... 91.9 94.5 96.4 
PE Minessdotdesenceters 57.1 66.8 743 

Hispanic.................. 63.1 745 76.1 
Applies basic scientific principles 

ndvdésdhdecessonccseees 49.2 515 53.4 
Pen dudedteteredocecece 52.3 57.0 56.4 
DD: teéedoestecoesgoes 46.1 46.3 48.4 
bs cecevcceeecessoecs 56.7 58.7 61.9 
DT scaeeedereceeetoceede 15.1 18.6 20.2 
Hispanic.................. 19.1 25.8 27.6 
Analyzes scientific procedures 
and data 
Mndah petins cceucceceees 10.9 94 94 
bite egecehooeoeteeooes 12.8 12.2 12.5 
DE scetecacveeesveces 9.1 6.8 6.4 
ED £4 e6edeceseecccecens 13.1 11.2 118 
DT siveecepedeesceesees 1.2 0.8 0.9 
Hispanic...............44. 23 24 1.6 
integrates specialized scientific 
information 

Sn Wes cvedecetatecseoess 0.7 0.4 0.2 
Sind cehostdcoresecseees 0.9 0.5 0.4 

DT cs¢eésrtovececoese 05 0.2 0.1 
SE Hbncesees 0be< coccees 0.9 0.4 03 
DE deshsedeverececoceces 0.0 0.0 0.0 
Hispanic ..............04.. 0.2 0.0 0.0 


SOURCE: National Assessment of Educational Progress, The Science Report 
Card: Elements of Risk and Recovery, Report No 17-S-01 (Princeton: Educational 
Testing Service, 1968). 
See text table 1-1. 
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Appendix table 1-5. Percentages of 17-year-old students 
scoring at or above various science proficiency leveis, by 


gender and ethnicity: 1977-86 
Gender and ethnicity 1977 1962 1986 
Und ‘s si centif 
, S og 
Wl peesesceneeesesesscecs 97.2 95.8 96.7 
eer ere 97.9 96.9 96.9 
DED -cdvevecooeeseoesse 96.6 94.8 96.6 
i ¢o¢chveteeueosedtess 99.2 98.7 98.6 
SE scousenvevesescesecs 84.5 81.0 89.8 
Hispanic .................. $2.7 86.1 92.9 
Apples basic scientific principles 
We eeesesevceseonsesteees 81.8 76.8 80.8 
En sttvedeeceeeueseoess 85.4 815 53.1 
Female .................. 78.3 72.4 78.5 
DD écebeccoreussoavesss 88.4 85.0 87.6 
SE seevetereceetrencess 40.9 36.5 52.9 
Hispanic .................. 61.7 46.6 61.6 
Analyzes scientific procedures 
and data 
We nesccccectccueseeseees 41.7 375 41.4 
in cccdecesenessssscene 49.1 45.6 49.3 
Female .................. 344 29.8 33.8 
White .................... 474 44.0 48.8 
ME cocconcesedsevceeess 8.3 6.7 12.3 
Hispanic ..............065. 19.1 125 15.5 
Integrates specialized scientific 
information 

MEE énecececocseetessevenes 85 72 75 
Psccoceccceuceeseeeses 11.7 11.0 10.3 
DD soeeccetousecavees 5.3 3.7 47 
MEE cocccvcccescereoesce 99 88 9.0 
BEE cevecevceoeuseceeees 0.6 0.1 1.0 
Hispanic... 2.2... e eee eee 2.0 1.4 0.5 


SOURCE: National Assessment of Educational Progress, The Science Report 
Card: Elements of Risk and Recovery, Report No 17-S-01 (Princeton: Educational 


Testing Service, 1968). 
See text table 1-1. 
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Appendix table 1-6. Achievement scores in mathematics, 


by age, gender, and ethnicity: 1973-86 
Gender and ethnicity 1973 1978 1962 1986 
9-year-olds 
SE ceesswornssosesueeceeoess 219.1 2186 219.0 221.7 
i apceegevecesesecesesees 2177 2174 217.1 221.7 
REED cecséesvessorcoeoees 2204 2199 2208 221.7 
Wie .. 2.2... 2249 224.1 224.0 2269 
SE neconuesceessoeesouces 190.0 1924 1949 201.6 
a eee 202.1 2029 2040 205.4 
13-year-olds 
WE S6 ed cocccescccsedeeooens 266.0 264.1 268.6 269.0 
i Pnccsecevereccoseseoees 265.1 2636 2692 270.0 
MED coccscecooecooecoees 266.9 264.7 268.0 268.0 
SP opeaceccescoesoedouces 273.7 2716 2744 2736 
SE a9 ¢eseuscutenceorcsces 2277 2296 2404 249.2 
SE vccceccesoccesoocese 238.8 2380 2524 2543 
17-year-olds 
WE povecccconcevcesesoécoss 44 WO4 2985 W20 
Sins cceteescevetoscseoces 365 M38 Wi5 347 
MED cccvecessoessecovece 300.6 297.1 2956 299.4 
SP orecesesccvoecesceoecs 310.1 359 337 375 
MEER wecscecscocosveccooess 269.8 2664 2718 2786 
ee 2772 2763 276.7 283.1 


SOURCE : National Assessment of Educational Progress. The Mathematics Report 
Card: Are We Measuring Up?. Report No. 17-84-01 (Princeton: Educational Testing 
Service, ‘988). 


See figures 1-5, 1-6, 1-7, and 1-8; figure O-13 in Overview: and text table 1-2. 
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Appendix table 1-7. Levels of mathematics proficiency used in the National Aesessment of Educational Progress to 


Classify student achievement scores 
Level of classification Definitions 
Simple arithmetic facts Leamers at this level know some basic addition and subtraction facts, and most can add two-digit numbers 
without regrouping. They recognize simple situations in which addition and subtraction apply. They aiso are 
developing rudimentary classification skills. 


Beginning skills and understanding Leamers at this level have considerable understanding of two-digit numbers. They can add two-digit 
numbers but are still developing an ability to regroup in subtraction. They know some basic multiplication 
and division facts, recognize relations among coins, can read information from charts and graphs. and use 
simple measurement instruments. They are developing some reasoning skilis. 


Basic operations and beginning Leamers at this level have an initial understanding of the four basic operations. They are able to apply 

problem solving whole number addition and subtraction skills to one-step word problems and money situations. In 
mulipiication, they can find the product of a two-digit number and a one-digit number. They can also 
compare information from graphs and charts and are developing an ability to analyze simple logical 


relations. 
Moderately complex procedures Leamer: at this level are developing an understanding of number systems. They can compute with 
and reasoning decimals, simple fractions, and commonly encountere’) percents. They can identify geometric figures. 


measure lengths and angles, and calculate areas of rectangles. Th.sse students are also able to inte pret 
simple inequalities, evaluate formulas, and solve simple linear equations. They can find averages. make 
decisions on information drawn from graphs, and use logical reasoning to solve problems. They are 
developing the skills to operate with signed numbers, exponents, and square roots. 


Mul-step problem solving Leamers at this level can apply a range of reasoning skills to solve multi-step problems. They can solve 

and algebra routine problems involving fractions and percentages, recognize properties of basic geometnc figures, and 
work with exponents and square roots. They can solve a variety of two-step problems using variables, 
identity equivaiemt algebraic expressions, and solve linear equations and inequalities. They are developing 
an understanding of functions and coordinate systems. 


SOURCE : Nationa! Assessment of Educations! Progress, The Aéathematics Raport Card: Are We Measuring Up? Report No. 17-84-01 (Princeton: Educational Testing Service. 
1988) 
See text table 1-2. 
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Ce 08 06 0.6 
MAO cece cee 07 0.6 0.6 
Female 0... cee. as 0.6 05 
White ccc cee 09 07 07 
Black cece ee ee 0.0 0.0 0.0 
Hispawc st” As 0.0 0.0 


SOURCE National Assessment of Educatonal Progress, The Aéathematcs Report 
Card: Are We Measuring Up?. Report No. 17-84-01 (Princeton Educational Testing 
Service, 1988). 


See text table 1-2. 
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Appendix table 1-9. Percentages of 13-year-old students 
scoring at or above various mathematics proficiency 


leveis, by gender and ethnicity: 1978-86 
Gender and ethnicity 1978 1982 1986 
Beginning skills and 
understanding 
Mc ecapseusaeeeedeseeses 94.5 97.6 98.5 
ere 93.8 97.3 98.3 
Female ...............06- 95.1 97.9 98.7 
0 Serer 97.5 99.1 99.2 
rr ee 79.5 89.0 95.5 
Hispanic .................. 85.9 96.1 96.1 
Basic operations and 
problem solving 
WE eee deauerccececssssess 64.9 71.6 73.1 
err 63.7 70.9 74.0 
Female ...............05. 66.1 72.3 72.3 
ere 72.9 78.5 78.7 
DE Des cepaccecceecesese 28.9 38.1 49.4 
Hispanic .................. 35.6 54.2 55.2 
Moderately complex procedures 
and reasoning 
WR Se evi ccacedreceasstens 17.9 17.8 15.9 
See 18.3 19.2 17.6 
Female ..............005. 17.4 16.3 14.2 
Aree 21.4 20.9 18.6 
PE ea cewerrcenecceseene 2.1 3.3 4.0 
Hispanic .................. 3.4 6.2 5.4 
Multi-step problem solving 
and algebra 
WEE Bec cdceeereertetecoess 0.9 0.5 0.4 
PPP rTTr errr rrr ree 1.0 0.7 0.6 
Female ..............000- 0.8 0.3 0.2 
SED bocce enisccccccvenne 1.1 0.6 0.5 
SEE whGeyereseereessaces 0.0 0.0 0.1 
Hispanic .................. 0.1 0.2 0.3 


SOURCE: National Assessment of Educational Progress, The Mathematics Report 
Card: Are We Measuring Up?, Report No. 17-M-01 (Princeton: Educational Testing 
Service, 1968). 


See text table 1-2. 
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Appendix table 1-10. Percentages of 17-year-old students 
mathematics proficiency 


scoring at or above various 

levels, by gender and ethnicity: 1978-86 

Gender and ethnicity 1978 19862 1986 
Beginning skills and 

understanding 
WR icc 5'0604s 0000s 4848) 99.8 99.9 99.9 
DMs cncdancteccnecteves 99.9 99.9 99.9 
Female ..............005. 99.7 99.9 99.9 
MN Ghd bbb od en0e 600402 100.0 100.0 99.9 
DEE Sec anepecetardverias 98.7 99.6 100.0 
Mlepamic ........... cee eeee 99.3 99.9 98.9 

Basic operations and 

problem solving 
SAG ick ancdsésepenrseses 92.1 92.9 96.0 
Cha e4sdeuavgnesesess 93.0 93.9 96.5 
DED e604 ebbneee denen’ 91.2 92.0 95.5 
DN C6 66sb00 06a seen cous 95.8 96.3 98.3 
POPPA TTT CETTE 70.0 75.3 86.0 
Hispanic..............08.. 77.4 81.3 90.8 
Moderately complex procedures 

and reasoning 
_  MePPererr re rerreriTT i 51.4 48.3 51.1 
TPCT TT Te Tee Te 54.9 51.9 54.2 
a 48.0 44.9 48.1 
DED bei vaceovereteceiens 57.3 54.5 58.0 
SED biCesbeveweedncesees 18.0 17.3 21.7 
Hispanic ..............005. 22.1 20.6 26.8 

Multi-step problem solving 
and algebra 

_  PRPerererTca TTT TT ee 7.4 5.4 6.4 
DA 6eees bes eeeceeices 9.5 6.7 8.2 
a 5.5 41 45 
PCs Ceehesecaceteceecs 8.6 6.3 7.6 
Ferre re ere rye t 0.4 06 0.3 
Hispanic. ............000es 1.1 0.5 1.2 


SOURCE: National Assessment of Educational Progress, The Mathematics Report 
Card: Are We Measuring Up?, Report No. 17-M-01 (Princeton: Educational Testing 
Service, 1988). 


See text table 1-2. 
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ix table 1-11. Average achievement scores 
of 13-year-old students in mathematics, by gender 


and country: 1988 
Country Total Male Female 
British Columbia ............. 539.8 539.6 541.3 
Weland ..............0 cee eee 504.3 508.2 499.6 
South Korea ................ 567.8 576.7 558.0 
New Brunswick (English) ....... 529.0 526.6 529.0 
New Brunswick (French) ....... 514.2 516.8 513.4 
Ontario (English) ............. 516.1 517.8 514.6 
Ontario (French) ............. 481.5 480.6 482.7 
Quebec (English)............. 535.8 534.1 537.3 
Quebec (French) ............. 543.0 546.3 539.3 
eee 511.7 523.2 499.9 
United Kingdom .............. 509.9 507.0 512.5 
United States ................ 473.9 474.6 473.2 


SOURCE: A.E. Lapointe, N.A. Mead, and G.W. Phillips, A World of Differences: An 
International Assessment of Mathematics and Science (Princeton: Educational 
Testing Service, 1989). 


See figure 1-9, and O-11 in Overview. 
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ix table 1-12. Average achievement scores 
of 13-year-old students in science, by gender 


and country: 1988 
Country Total Male Female 
British Columbia ............. 551.3 562.3 541.6 
Ireland ........ 06... cece eee 469.3 480.4 456.5 
South Korea ................ 549.9 567.5 530.6 
New Brunswick (English) ...... 510.5 517.2 502.3 
New Brunswick (French) ....... 468.1 477.4 460.2 
Ontario (English) ............. 514.7 524.3 504.7 
Ontario (French) ............. 468.3 474.9 463.1 
Quebec (English) ............ 515.3 525.4 505.7 
Quebec (French) ............. 513.4 523.7 502.1 
MN AGas cata akoconcccesces 503.9 518.0 489.5 
United Kingdom ............. 519.5 524.7 514.9 
United States ............... 478.5 481.9 474.9 


SOURCE: A.E. Lapointe, N.A. Mead, and G.W. Phillips, A World of Differences: An 
International Assessment of Mathematics and Science (Princeton: Educational 
Tasting Service, 1989). 


See figure 1-10, and O-11 in Overview. 
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Appendix table 1-13. Levels of mathematics proficiency used in the international Assessment of Mathematics and Science 


to classify student achievement scores: 1988 


Definitions 


Understand measurement and 


geometry concepts and solve more 
complex problems 


Understand and apply more advanced 
mathematical concepts 


Students at this level can add and subtract two-digit numbers without regrouping and solve simple number 
sentences involving these operations. 

Students at this level can select appropriate basic operations (addition, subtraction, multiplication, and 
division) needed to solve simple one-step problems. They are capable of evaluating simple expressions by 
substitution and solving number sentences. They can locate numbers on a number line and understand the 
most basic concepts of logic, percent, estimation, and geometry. 


Students at this level show growth in all mathematics topics in the assessment. They demonstrate an 
understanding of the concept of order, place value, and the meaning of remainder in division; they know 
some properties of odd and even numbers and of zero; and they can apply elementary concepts of ratio 
and proportion. They can use negative and decimal numbers; make simple conversions involving fractions, 
decimals, and percentages; and can compute averages. Students can use these skills to solve problems 
requiring two or more steps and can represent unknown quantities with expressions involving variables. 
Students can measure length, apply scales, identify geometric figures, calculate areas of rectangles, and 
are able to use information obtained from charts, graphs, and tables. 


Students at this level know how to multiply fractions and decimals and are able to use a range of 
procedures to solve more complex problems. Students demonstrate an increased understanding of 
measurement and geometric concepts. They can measure angles found in simple figures, understand 
various characteristics of circles and triangles, can find perimeters and areas, and calculate and compare 
volumes of rectangular solids. Students are also able to recognize and extend number patterns. 


Students at this level have the ability to deal with properties of the arithmetic mean and can use data from 
a complex table to solve problems. They demonstrate an increasing ability to apply school-based skills to 
out-of-school situations and problems. 


SOURCE: A.E. Lapointe, N.A. Mead, and G.W. Phillips, A World of Differences: An international Assessment of Mathematics and Science (Princeton: Educational Testing 


Service, 1969). 
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Appendix table 1-14. Levels of science proficiency used in the International Assessment of Mathematics and Science to 


Classify student achievement scores: 1968 


Level of classification Definitions 

Know everyday science facts Students at this level know some general scientific facts of the type that can be learned from everyday 
experiences. For example, they exhibit some rudimentary knowledge concerning the environment and 
animals. 

Understand and apply simple Students at this level exhibit a growing knowledge in the life sciences. 

scientific principles 

Use scientific procedures and analyze Students at this level have a grasp of experimental procedures used in science, such as designing 

scientific data experiments, controlling variables, and using equipment. They can identify the best conclusions drawn from 
data on a graph and the best explanation for observed phenomena. Students also understand some 
concepts in a variety of science content areas. 

Understand and apply intermediate Students at this level demonstrate an understanding of intermediate scientific facts and principles and can 

scientific knowledge and principles apply this understanding in designing experiments and interpreting data. They also can interpret figures 
and diagrams used to convey scientific information. Students at this level can infer relationships and draw 
conclusions by applying facts and principles, particularly from the physical sciences. 

Integrate scientific information and Students at this level can interpret experimental data that invoive several variables. They also can 

experimental evidence interrelate information represented in a variety of forms—text, graphs, figures, and diagrams. Students can 


make predictions based on data and observations and are aware of limitations of extrapolation. Students 
demonstrate a growing understanding of more advanced scientific knowledge and concepts, such as 
definitions of a calorie or the concept of chemical change. 


SOURCE: A.E. Lapointe, N.A. Mead, and G.W. Phillips, A World of Differences: An international Assessment of Mathematics and Science (Princeton: Educational Testing 


Service, 1969). 
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Appendix table 1-15. Percentages of 13-year-old students scoring at or above various mathematics proficiency levels, by 


country: 1988 
Proficiency levels 
Understand 
measurement & 
Use basic geometry Understand & 


Perform simple operations to 


Use intermediate concepts and apply more 
solve simple level skills to solve solve more advanced math 


Country subtraction problems two-step problems complex problems concepts 
British Columbia ...................008. 99.7 94.9 69.5 23.8 2.0 
a 98.3 86.3 54.7 14.2 0.8 
South Korea ............... 2.2 ee eee ee 99.6 95.3 78.1 39.6 49 
New Brunswick (English) ................ 99.9 95.5 65.4 17.8 1.0 
New Brunswick (French) ................ 99.6 94.6 58.3 11.6 0.4 
Ontario (English) ..................005. 99.2 91.8 58.0 16.0 1.4 
Ontario (French) .................0005. 98.7 84.8 40.5 7.0 0.1 
Quebec (English) ...................05. 99.8 96.7 67.3 20.2 1.4 
Quebec (French) ..................008. 99.9 97.2 72.7 21.8 1.7 
ener 99.2 90.7 57.0 14.3 1.3 
United Kingdom ...............05000ee- 96.5 86.7 55.5 18.4 2.5 
United States ............. 0. cee ee eee 96.6 77.7 40.3 9.2 0.7 


SOURCE: A.E. Lapointe, N.A. Mead, and G.W. Phillips, A World of Differences: An international Assessment of Mathematics and Science (Princeton: Educational Testing 


Service, 1969). 
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Appendix table 1-16. Percentages of 13-year-old students scoring at or above various science proficiency levels, by 


country: 1968 
Proficiency levels 
Understand & Integrate 
Understand & Use scientific | applyintermediate _ information & 


Country science facts _ scientificprinciples § analyze data principles evidence 
British Columbia... 0.0.0... eee eee 99.7 95.2 71.9 30.6 4.1 
ELE OTTTITTTES TT TTL TTT Ty 95.7 75.6 37.2 9.1 0.5 
South Korea... 00... eee eee 99.7 93.1 72.7 32.6 2.3 
New Brunswick (English) ................ 99.2 90.4 55.4 14.9 1.0 
New Brunswick (French) ................ 98.0 77.9 35.3 6.8 0.4 
Ontario (English) .............. 0c ce eeee 98.8 90.8 55.9 17.1 1.8 
Ontario (French) ............. cece eeeee 98.0 78.8 34.8 6.1 0.2 
Quebec (English) .................0006- 99.5 91.8 57.4 14.8 1.5 
Quebec (French) ................00008. 99.6 91.5 56.3 15.2 0.8 
PREEMPT TTTTTIT TTT TT TTT Tee 99.1 88.0 53.5 12.2 0.6 
United Kingdom .............. cece eens 98.5 89.0 59.0 21.3 2.4 
United States .. 0.0.0... cece eee 95.8 78.3 41.8 11.8 1.4 


SOURCE: A.E. Lapointe, N.A. Mead, G.W. Phillips, A World of Differences: An international Assessment of Mathematics and Science (Princeton: Educational Testing Service, 
1989). 
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Appendix table 1-17. Achievement scores of students taking biology in the terminal 
grade of high school, by country 


Country scores biology of students 
nities 66 esos re eeeseeedveseeeees 48.2 18 17.1 
Canada (English) .....................05- 45.9 28 18.2 
ae 63.4 4 18.0 
EE Dict neeececeesetctsterseséesss 51.9 45 18.7 
Hong Kong (Form 6) ..................005. 50.8 7 18.4 
Hong Kong (Form 7) ..................000- 55.8 4 19.2 
va ¢ ¢Gaeeeeseeeeenetpeeveseencees 59.7 3 18.0 
At aubaegesedeetdcerecsesesceeesacs 42.3 14 19.5 
PE seek sengeeeekeeecetsicrsaveseeces 46.2 12 18.1 
DEE ve cececacecccecseooesesecececees 54.8 10 18.1 
PPP PITTI TTT TTT Tere ee 56.9 9 18.8 
ET ~ccngeececeserceseessceesceces 66.8 3 18.0 
cane ccecneeessanisesecoeceseceee 48.5 1§ 19.0 
United States ............... cece cece eee 37.9 6 17.5 


Note: Tests were administered in 1986 in the U.S. and in 1963 in the other countries. 
SOURCE: International Association for the Evaluation of Educational Achievement,Science Achievement in 17 
Countries: A Preliminary Report (Oxford: Pergamon Press, 1968). 
See figure 1-11. 
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Appendix table 1-18. Achievement scores of students taking chemistry in the 
terminal grade of high school, by country 


Country scores chemistry of students 
SEE Accecercocccrececececcstecesces 46.6 12.0 17.3 
Canada(English) ...............0ceeeeeee 36.9 25.0 18.4 
ES 064650000 Coeseccccocccesecceces 69.5 5.0 18.0 
MEE pape sbdendcverccccrccecesecceres 33.3 14.0 18.6 
Hong Kong (Form 6) ..............0ee eee 644 14.0 18.4 
Hong Kong (Form 7) ..............0e ce eeee 77.0 8.0 19.2 
ss PRERAAPPPTYTTTTILITI TELE TE Tere 47.7 1.0 18.1 
SL SEIPPPYTECPTTTTTT CTT TIT TT Tee 38.0 2.0 19.3 
PEE Sh00 0b0066 aes cccecrconesvecéoecs 51.9 16.0 18.2 
EP RSPPTTITTITIT TT TTTTT CULT ee 41.9 15.0 18.1 
Psegeneovesdeccsveccesdesenevesees 44.6 9.0 18.7 
DEED aoccesecccesccceusecccetoneees 66.1 5.0 18.0 
 EPPPEPPPIVTTITITICITIT eee ee 40.0 15.0 18.1 
United States 0.0.0... 6c ccc eee eens 37.7 1.0 17.8 


Note: Tests were administered in 1986 in the U.S. and in 1983 in the other countries. 
SOURCE: International Association for the Evaluation of Educational Achievement,Science Achievement in 17 
Countries: A Preliminary Report (Oxtord: Pergamon Press, 1988). 
See figure 1-12. 
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Appendix table 1-19. Achievement scores of students taking physics in the 
terminal grade of high school, by country 


Country scores physics of students 
Australia 2.00... ccc ccc cece eee 48.5 11 17.3 
Canada(English) .....................4.. 39.6 19 18.4 
pueeeesvessueesaseeeeseeeceu4aee™ 58.3 6 18.0 
ere re rr 37.9 14 18.6 
Hong Kong (Form 6) ...................04. 59.3 14 18.4 
Hong Kong (Form 7) ...................00- 69.9 8 19.2 
ne ceceeseveccceveseesecceceesees 56.5 4 18.1 
he e506 00es400n54's0oresdnsessnete ce 28.0 19 19.3 
SL, 96656660060 000600esesedeceedese+s 56.1 11 18.2 
| 52.8 24 18.1 
Ts 0460606 660664640600060000008664% 51.5 9 18.7 
PED ooo c0essdeserceseececencesede 54.9 7 18.0 
IR ene pod enc 6gieesneuess0edsseres 44.8 15 18.1 
United States ............ cece cece ee eee 45.5 1 17.8 
Note: Tests were administered in 1986 in the U.S. and in 1983 in the other countries. 
SOURCE: International Association for the Evaluation of Educational Achievement,Science Achievement in 17 
Countries: A Preliminary Report (Oxford: Pergamon Press, 1968). 
See figure 1-13. 
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Appendix table 1-20. of 
applications, by grade level: 1966 
Type of application Grade3 Grade7 Grade 11 
Percent 

Word processing ............. 31.0 52.8 72.2 

Graphics ...............0005. 34.7 50.4 60.7 

Databases .................. 40.0 43.8 53.4 

Spreadsheets ................ NA 444 31.0 

NA = Not available. 

SOURCE: National Assessment of Educational Progress, yee nig 

The First National Assessment, Report No. 17-CC-01 (Princeton: Educational 

Testing Service, 1968). 
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Appendix table 1-21. Frequency of computer usage, by subject area: 1986 
Aimost every Several  Aboutoncea Less than 


How often do you use a computer to: day times a week week once aweek Never 
Grade 7 
Percent 
Practicemath ..................2-5- 5.7 4.7 9.8 17.5 62.3 
Practice reading ...................-. 3.1 3.8 5.9 8.8 78.4 
Practice spelling ..................... 28 3.3 78 10.0 76.1 
Do science problems .................. 1.9 2.9 3.1 6.8 85.3 
Learn and make music ................ 2.4 3.0 6.2 10.3 78.1 
PEE nacececcecgcceseececevees 19.4 15.4 16.3 24.6 24.3 
Grade 11 
Percent 
Practicemath ................ceeeee 3.4 3.0 3.6 12.1 77.9 
Practice reading ...................2.. 18 2.1 2.0 6.9 87.2 
Practice spelling ..................... 1.4 1.6 28 6.7 87.5 
Do science problems .................. 0.8 1.5 1.9 8.6 87.2 
Learn and make music ................ 1.4 1.7 2.2 9.0 85.6 
DTT nde accncccvcesencceseroes 8.5 9.8 14.0 33.9 33.8 
SOURCE: National Assessment of Educational Progress, Computer Competence: The First National Assessment, Report No. 17-CC-01 
(Princeton: Educational Testing Service, 1968). 
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Appendix table 1-22. Percentages of college-bound seniors taking the SAT who intend to major in science and 
engineering, by diecipline: 1977-88 
Field 1977 1976 1979 1960 1961 1962 1963 1964 1965 1966 1967 1968 
Webs dtenndunccheboaces < 10.0 116 129 141 157 179 196 188 166 151 145 135 
Mathematics and statistics .. 1.3 13 1.1 1.0 1.0 0.9 0.9 1.0 1.0 0.8 0.7 0.6 
Computer science ......... 1.3 18 2.4 3.0 41 5.7 75 72 5.2 3.7 3.0 2.7 
Physical sciences ......... 0.9 0.9 0.9 1.0 0.9 0.9 086 09 0.9 08 0.8 0.8 
Engineering.............. 6.5 76 8.4 9.2 97 104 103 98 9.5 98 10.0 9.3 


SOURCES: Educational Testing Service (ETS), Trends in SAT Scores and Other Characteristics of Examinees Planning to Major in Mathematics, Science, or 
Engineering; and ETS Policy Notes vol. 1, no. 3 (1969). 


See figure 1-14. 
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SS ee Sey ae 


medium or great influence’ 
Experience Percent 
Science, mathematics clubs ..................0005. 24 
College-based minority MSE recruitment/enrichment - 
Honors courses inscience ..............0.0..0000. 2 
Science fairindependemt research project ............ 14 
Advanced Placement mathematics ................. 41 
Honors courses in mathematics .................... 57 


Magnet SChOOlS 2... cee eee eee 20 
Minority professional recruitment program: 6.9., Society 

of Black/Hispanic Engineers ..................... 16 
MSE = Mathematics/science/engineering. 


‘in their decision to continue studying mathematics or science in college. 


SOURCE: T.L. Hilton, J. Hsia. D.G. Solorzano, and N.L. Benton, Persistence 
in Science of High-Ability Minority Students, Research Report No. RR-89-28 
(Princeton: Educational Testing Service, 1968). 
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Appendix table 1-24. Percentages of high school graduates earning 
credits in mathematics, by gender: 1962 and 1967 


Total Male Female 
Course taken 19862 1987 1962 1987 1982 1987 
Any mathematics ............ 974 995 976 994 973 996 
Remedial mathematics ....... 32.7 245 39 24 296 228 
Algebral .................. 65.1 772 633 758 68 785 
Algebra2 .................. 35.1 41 33 41 39 479 
Geometry .................. 45.7 610 450 611 464 608 
Trigonometry ............... 120 204 129 219 113 19.0 
Analysis/pre-caiculus ......... 58 124 6.0 135 55 113 
Calculus ................... 4.7 6.1 5.3 76 42 4.7 
AP calculus ................ 15 3.1 1.7 35 1.3 2.7 
Statistics/probability .......... 0.3 0.5 05 0.4 0.2 0.6 


SOURCE: Westat, inc., Tabulations for the Nation At Risk Update Study as Part of the 19867 High 
School Transcript Study (Washington, DC: U.S. Department of Education, National Center for 
Education Statistics, 1968). 
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Appendix table 1-25. Percentages of high school graduates earning 
credits in science, by gender: 1962 and 1967 


Total Male Female 

Course taken 1962 1987 1962 1967 1962 1967 
Any science ................ 9.2 991 948 968 96 99.4 

hiciteuaseeedtedésoce 75.3 896 733 885 771 908 
APMmonors biology ........... 6.6 3.0 6.1 3.1 7.1 28 
Chemistry .................. 308 44 317 43 WO 445 
APMmonors chemistry ......... 2.9 3.1 35 34 2.4 2.7 
Physics ................... 13.9 201 182 253 100 15.0 
APfhonors physics ........... 1.1 18 1.4 28 0.7 0.9 
Engineering ................ 0.1 0.1 0.2 0.2 0.0 0.1 
Astronomy ................. 1.1 08 1.2 0.8 1.0 0.7 
Geology ..............-.0. 13.9 150 148 158 130 142 


SOURCE: Westat, inc., Tabulations for the Nation At Risk Update Study as Part of the 1987 High 
School Transcript Study (Washington, DC: U.S. Department of Educution, National Center for 
Education Statistics, 1968). 
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SEE Ee ne oe en ee 


1962 and 1967 
Computer 
Science Mathematics science 
Race/ethnicity 1982 1967 1962 1967 1962 1967 
PPT TTT TT TTT Te 227 266 259 297 012 0.43 
cece gveteceveesoeoecs 199 241 244 292 0.10 036 
Hispanic .................. 1.79 239 222 262 007 035 
Asian/Pacific islander ........ 256 323 3.11 3.79 019 056 
DT tceghosnasesecsoceese 2.02 257 221 3.01 005 0.31 
Race noi reported ........... NA 2.55 NA 3.03 NA 0.48 


SOURCE: Westat, inc., Tabulations for the Nation At Risk Update Study as Part of the 1987 High 
School Transcript Study (Washington, DC: U.S. Department of Education, National Center for 
Education Statistics, 1968). 
See figure 1-16. 
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Appendix table 1-27. Mean number of credits earned by high school 
graduates in selected subjects, by gender: 1962 and 1967 


Total Male Female 
Subject 1962 1967 1962 1987 1982 1987 
English ...................-. 380 40 376 403 384 ‘07 
History ................20-. 168 191 168 193 169 189 
Social studies ............... 142 144 141 142 143 4147 
Mathematics ............... 254 298 261 3.004 246 2393 
Computer science ........... 0.11 042 013 046 010 039 
GoIOMOD ..... 22. eee eee 219 263 225 269 213 257 
Foreign language ............ 105 147 086 130 123 1.63 


SOURCE: Westat, inc., Tabulations for the Nation At Risk Update Study as Part of the 1987 High 


School Transcript Study (Washington, DC: U.S. Department of Ectucation, National Center for 
Education Statistics, 1988). 


See figure 1-15. 
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Appendix table 1-28. Distribution of class ability level, by 
ethnic/racial enroliment of schools: 1986 


Teacher perception of class ability in science 


and mathematics 
Ethnic/racial Mixed Low Average High 
enrollment of school abtity abwlity ability ability 
Percent 

Less than 10 percent 

DT éet0cedsans 20 36 48 16 
10 to SO percent white 19 25 45 30 
50 to 90 percent white 21 22 41 37 
More than 90 percent 

wile ........... 20 16 42 43 


SOURCE: J. Oakes, T. Ormseth, B. Bell, and P. Camp, The Distribution of 


(The RAND Corporation, n.d.) 
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Appendix table 1-29. Average minutes per day spent on 
various subjects by school teachers, by 
grade range: 1977 and 1966 
Subject and grade range 1977 1966 
Sconce 
Dibndeesageuseneesssenessseceurees 17 18 
lntes-ceeens¥0066040sesseessnnses 28 29 
Mathematics 
ie@09 460660 000ssseesesecenseeess 41 43 
Sand enerseececesssessecscesceress 51 52 
Social studies 
bGibsavencsseesoesechesiesentses 21 18 
ibn 000560 4000060060006680060000se 34 33 
Reading 
eer ecesrtkencedcesssescesseeses 95 77 
Dini eeetanensneveseegenecsest¢asees 66 63 


Note: Data are for self-contained classes only. 


SOURCE: I.R. Weiss, Report of the 1985-86 National Survey of Science and 
Mathematics Education (Research Triangle Park, NC: Research Triangle institute, 
1987). 
See figure 1-17. 
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Appendix table 1-30. Classroom time spent by teachers with 


a class during a typical week: 1986 
Use of time Grade 3 Grade 7 
—Percem of teachers— 
Providing instruction in science 
a 6 0 
Less than 1 hour .................... 15 1 
Tt 2hous ............ cece eee eeee 49 16 
2 <0 oe ecseccoouvcecoeoee 24 69 
Shoursormore ..................-.-. 5 14 
Maintaining order & disciplining students 
i iiith mdi nang eeneeneeeeesete 2 5 
Less than 1 hour .................... 54 72 
DED wdcceoececeoeseceeoocess 22 20 
Sto4hours .......... 2. cece cece eeee 5 1 
S hours ormore .................06-- 17 1 
Administering tests or quizzes, grading tests, 
in-class work, and homework 
Sh tk tut ee eennndedessseceeess 0 0 
Less than 1 hour .................... 8 44 
DED codceceocococeesoceovens 26 49 
DT <cnnegegeeceteescoreters 20 5 
Shows ormore .................6.-. 4 0 


SOURCE: National Assessment of Educational Progress, The Science Report Card: 
Elements of Risk and Recovery, Report No. 17-S-01 (Princeton: Educational Testing 
Service, 1988). 
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Appendix table 1-31. Classroom instructions! practices in science: 1986 


Frequency 
Less than 
instructional practice Dasty Weekly onceaweek Never 
Percent 
Grade 3 
Goonafeldtip ......................-. NA 3 31 55 
Doexpefments ......................-. 11 30 26 19 
Read science textbook ................... 3 27 11 15 
Do an oid or written report ................ 20 16 17 3 
Grade 7 
tt skenitdbededbedeeceseceecececes 31 39 13 18 
Goonafeldtip ..................2..2.-. 1 2 16 82 
Do experiments alone .................... 3 18 29 50 
Do experiments with other students ......... 4 31 Ka 30 
Read science textbook ................... 43 K -) 8 9 
Write up experiments .................... 4 15 21 60 
Do an oral or willten report ................ 3 16 K ) 46 
Grade 11 
PT btbchgebbesdosevescosococccece 55 33 3 8 
Goonafield ip ... 2.2... eee eee 2 27 25 46 
Do experimens dione .................... i) 0 4 86 
Do experiments with other students ......... 3 50 28 18 
Read science texfbook ................... 28 42 12 18 
Write up experiments .................... 2 32 24 4 
Do an oral or wiilten report ................. 2 13 KY 52 
NA » Not avaiable 


SOURCE: Nasonel Aesessment of Educational Progress, The Science Report Card: Elements of Risk and Recovery, 
Report No. 17-S-01 (Princeton: Educational Testing Service, 1988). 
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grades 7 and 11: 1966 

Time spent each week on 

Grade 7 
Notime .................. 16 243 5 254 
Lessthan i hour .......... 47 251 43 265 
1-2howrs ................ 26 250 32 267 
S4hours ................ 8 24 12 276 
More than 4 hours ......... 3 251 8 270 

Grade 11 
Notime .................. 12 285 7 296 
Less than i hour .......... 36 239 3 302 
1-2howrs ................ 31 304 30 309 
S4howrs ................ 14 316 18 323 
More than 4hours ......... 7 317 13 320 


SOURCES: National Assessment of Educational Progress (NAEP). The Scence Report Card. 
Elements of Risk and Recovery, Report No. 17-S-01 (Princeton: Educational Testing Service. 1968). 
and NAEP, The Mathematics Report Card: Are We Measuring Up? Report No. 17-M-01 (Princeton 
Educational Testing Service, 1998). 
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Discipines are: biologicai/ife, physical. and eerttyspace sciences. 
SOURCE: |.R. Weiss, “Course Background Preparaton of Science and Mathe- 
matics Teachers in the United States,” in Science Teaching: Making the System 
Work (Washington, DC: American Association for the Advancement of Science. 
1988) 

Saence & Engineering inckcators— 1989 


Appendix tabie 1-34. Elementary school teachers meeting 


Mathematics: 1906 

Grades K-6 
Standasd teachers 

—Percent— 
Mest ai twes course requve=ceris .............. 18 
Lacking onerequrement ...................... 6 
Lacking two requirements ...................... 6 
Lacking ai requirements ....................... 2 
ee 4 


SOURCE: LR Weies, “Course Background Preparaton of Sc.siice as.) Mathe- 
matics Teachers in the United States.” in Scence Teaching Matrzg the Sysivn 
Werk (Wastungion, OC Amencan Assocation for the Advancemert of Sow «x. 
1988). 
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Append: tate 1-35. Middle/junior school tsec*ers 


masting the standards of ths Science Veschers 
Association: ‘385 
Grade 7-9 
Coursework teachers 
- Percent—- 
Science, methods of teaching science ............ 22 
DP heseSecésoceccocccccccese 2 
Science methods only .. .... . . eee eee 56 
Neither science nor science methods ............. 18 
EEE re 2 


SOURCE: \R Weiss, “Cowse Bactground Preparaton of Science and Mathe- 
matics Teachers m te United States. m Scance Jeactung Matung the System 
tek (Washington. OC American Aesocaton tor the Advancement of Scr7ce. 
198m). 
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Appendix table 1-36. Middie/junior high school teachers 
meeting the standards of the National Council of 


Teachers of Mathematics: 1966 
Grades 7-9 
Standard teachers 
—Percent— 
Coursework in all five areas of mathematics ........ 14 
With mathematics teaching methods and computer 
programming .............. cece cece neces 10 
Lacking computer programming ............... 4 
Lacking mathematics teaching methods ......... 0 
EE sw cin 6009409 00060040%00 8400004 0 
Coursework in four areas of mathematics .......... 26 
With mathematics teaching methods and computer 
EE nn ct nenee en ees 0 400.0040 0804s 16 
Lacking computer programming ............... 8 
Lacking mathematics teaching methods ......... 1 
ED oo en bn6b.04eeenneehehshasen bash 1 
Coursework in two or three areas of mathematics. . . 35 
With mathematics teaching methods and computer 
eee eke cab ge kGk Ose 11 
Lacking computer programming ............... 17 
Lacking mathematics teaching methods ......... 4 
SEED x 56.0006 065.050 0000995 0404000 0¥4 3 
Coursework in zero or one area of mathematics ... 22 
With mathematics teaching methods and computer 
‘ech dehbnnnes stveuhnbneek ce 2 
Lacking computer programming ............... 14 
Lacking mathematics teaching methods ......... 2 
Lacking Doth ........ cece ccc cece eee eee 3 
won ks snewende0es 009006594000 Centers 3 


SOURCE: |.R. Weiss, “Course Background Preparation of Science and Mathe- 
matics Teachers in the United States,” in Science Teaching: Making the System 
Work (Washington, DC: American Association for the Advancement of Science, 
1988). 
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Appendix table 1-37. High school science teachers 
meeting the standards of the National Science Teachers 


Association, by discipline: 1966 
Discipline 
acest ay Com Swen 
Percent' 
Science, methods of teaching 
aS ee 29 31 12 
Science only ................ 4 3 0 
Science methods only ......... 54 53 70 
Neither science nor science 
methods .................. 12 12 18 
UNKNOWN . 002. eee 1 1 1 


‘Percentage of all high school teachers in the subject. 

SOURCE: |.R. Weiss, “Course Background Preparation of Science and Mathe- 
matics Teachers in the United States,” in Science Teaching: Making the System 
Work (Washington, DC: American Association for the Advancement of Science, 
1988). 
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Appendix table 1-38. High school math teachers meeting the 
standards of the National Council of Teachers of Mathematics: 1986 


Grades 
10-12 
mathematics 
Course teachers 
—Percent— 
All 10 NCTM-recommended mathematics courses .............. 15 
With mathematics teaching methods course and computer 
PFOQFAMMING .. 2... eee cece eee eee eee teens 12 
Lacking computer programming ..................00ceeeeee 2 
Lacking mathematics teaching methods .................... 0 
Lacking both methods and computer programming ............ 0 
8-9 NCTM-recommended mathematics courses ................ 39 
With mathematics teaching methods course and computer 
EEA POR OTT TT TTTITTTTTTTT TTT TTT 27 
Lacking computer programming ..................00c ce eeee 11 
Lacking mathematics teaching methods .................... 1 
Lacking both methods and computer programming ............ 1 
5-7 NCTM-recommended mathematics courses ................ 31 
With mathematics teaching methods course and computer 
Me ci chhheeereegareeebestccceseeseetess 16 
Lacking computer programming ............... 0.2 cee ee eee 12 
mathematics teaching methods .................... 2 
Lacking both methods and computer programming ............ 1 
0-4 NCTM-recommended mathematics courses ................ 12 
With mathematics teaching methods course and computer 
PFOGFAMMING . 2... cece eee eee eee eee ee eees 3 
Lacking computer programming ............... 00 cece eeeeee 3 
Lacking mathematics teaching methods .................... 4 
Lacking both methods and computer programming ............ 3 
DD 2.66 b004060600000-60490006C00Re cece eeeosaeseees 4 


Note: Percentages may not add to 100 because of rounding. 


SOURCE: |.R. Weiss, “Course Background Preparation of Science and Mathematics Teachers in 
the United States,” in Science Teaching: Making the System Work (Washington, DC: American 
Association for the Advancement of Science, 1988). 
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Appendix table 1-39. Predicted median length of retention 
(first spell) in teaching, by state and discipline 


Period and state in which sample 
began teaching 
North 
Carolina Michigan Colorado 
Teaching specialty (1975-79) (1972-75) (1979, 1982) 
— Median number of years — 
Elementary school .......... 13.5 16.4 6.6 
Mathematics .............. 7.9 7.4 4.4 
Social studies ............. 6.6 76 3.4 
PEs ccprccccccnccecece 5.7 7.3 3.1 
Biology ................... 5.6 9.6 } 6.0' 
Chemistry/physics .......... 4.1 49 
Sample size ............... 8,462 7,785 1,377 


'Chemistry/physics teachers cannot be distinguished from biology teachers in the 
Colorado data. 


SOURCE: R. J. Murnane and R. J. Olsen, “Will There Be Enough Teachers?,” AEA 
Papers and Proceedings vol. 79, no. 2 (May 1989): 242-46. 
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table 1-40. Percentage of teachers returning to 
the classroom after initially teaching less than 6 years, by 


state and discipline 
Nesth 

Teaching specialty Carolina Michigan Colorado 

——— Percent returning ——— 
Elementary school ........... 28.1 33.0 30.0 
Mathematics ................ 22.6 29.1 23.1 
Social studies ............... 22.2 22.5 15.8 
English .............. cee 20.0 30.0 33.3 
Biology ............. 2c eee. 18.9 22.1 }7 7 
Chemistry/physics ............ 16.3 14.6 
Aliteachers ................. 25.3 30.2 26.6 
Sample size ................ 3,177 4,815 289 


'Chemistry/physics teachers cannot be distinguished from biology teachers in the 
Colorado data. 


SOURCE: R. J. Murnane and R.J. Olsen, “Will There Be Enough Teachers?,” AEA 
Papers and Proceedings vol. 79, no. 2 (May 1989): 242-46. 
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Appendix table 2-1. institutions of higher education, by Carnegie category, S/E and total degrees, and degree level: 
1970, 1976, and 1986 
Degree level 
First 
All degrees Associate Bachelor's professional Master's Doctorate 
Camegie category S/E Total SE Tota SE Total SE Total S/E Total SE Total 
Number of institutions 

i. de6h a <o0-0002.0%6 1970 1,992 2,453 882 1,272 1,270 1,473 128 362 529 806 233 277 

1976 2,139 2,787 823 1,565 1,371 1,590 158 414 609 934 270 350 

1986 2,367 3,103 1,179 1,915 1,419 1,692 201 477 685 1,124 307 427 
Doctorate ............. 1970 175 176 60 87 172 172 75 111 171 173 170 172 

1976 185 186 39 76 182 183 89 125 183 184 182 183 

1986 213 214 50 81 205 208 103 144 210 210 205 211 
Comprehensive ........ 1970 401 406 95 158 398 404 9 46 242 315 19 26 

1976 543 545 84 228 542 544 10 59 302 402 31 48 

1986 559 559 160 287 556 559 21 69 339 457 38 66 
Liberal arts ............ 1970 570 617 30 87 561 608 1 29 50 123 4 11 

1976 493 540 27 147 489 533 1 18 41 96 3 9 

1986 532 563 87 207 526 561 2 26 55 171 6 13 
| 1970 614 759 601 758 0 0 0 0 0 0 0 0 

1976 674 949 615 945 2 4 0 0 2 2 0 0 

1986 857 1,160 826 1,149 4 18 0 1 0 0 0 1 
Specialized ........... 1970 80 298 29 85 50 171 28 146 37 150 25 49 

1976 126 403 15 90 87 236 53 195 50 203 37 88 

1966 161 492 37 142 103 298 74 231 54 244 37 113 
BE 8 Fecadcndecseces 1970 13 15 10 1 10 14 0 0 4 5 4 4 

1976 23 25 1 2 16 18 0 0 1 14 10 10 

1986 34 47 1 4 14 21 0 0 18 28 18 19 
Not classified .......... 1970 139 182 79 96 79 104 15 30 25 40 11 15 

1976 95 139 42 77 53 72 5 17 20 33 7 12 

1986 31 68 18 45 11 27 1 6 9 14 3 4 
SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 2-2. S/E degrees, by institutional type and degree level: 1966 
Associate Bachelor's First professional Master's Doctorate 
Carnegie category Institutions Degrees institutions Degrees institutions Degrees institutions Degrees institutions Degrees 
Number 

rrr ret Tee 1,179 116,198 1,419 395,394 201 31,051 685 78,853 307 19,360 
Doctorate ............... 50 7,774 205 208,971 103 17,685 210 56,391 205 18,322 
Comprehensive .......... 160 8,841 556 133,952 21 1,625 339 17,931 38 224 
Liberal arts .............. 87 1,745 526 36,144 2 149 55 1,089 6 29 
ES bidkc vx eRecineees 826 90,513 4 279 0 0 0 0 0 0 
Specialized ............. 37 4,462 103 12,435 74 11,568 54 2,173 37 352 
a errr re 1 131 14 2,462 0 0 18 1,003 18 362 
Not classified ............ 18 4,732 11 1,181 1 24 9 266 3 71 


SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 2-3. S/E degrees by Carnegie category, degree level, 
and field: 1986 


Field and Carnegie category Associate Bachelor's Master's Doctorate 
Number 
Total science and engineering .. 71,734 375,770 78,245 19,350 
Doctorate ................. 4,208 202,333 56,085 18,312 
Comprehensive ............ 6,246 125,206 17,629 224 
Liberal arts ................ 1,604 35,828 1,089 29 
er 54,902 146 0 0 
Specialized ............... 1,574 9,240 2,173 352 
EE ccexseeursesecessees 3,200 3,017 1,269 433 
Total sciences ............... 66,354 298,709 56,931 15,907 
Doctorate ................. 4,195 146,244 38,399 14,940 
Comprehensive ............ 6,152 109,148 15,125 182 
Liberal arts ................ 1,595 34,641 1,048 28 
2-YOAr..... eee eee 51,365 17 0 0 
Specialized ............... 1,556 7,071 1,631 334 
DE ceceeghbeeseeeseessees 1,491 1,588 728 423 
Total physical sciences ........ 1,019 15,786 3,676 3,104 
Doctorate ................. 35 7,390 2,976 3,056 
Comprehensive ............ 25 5,399 603 32 
Liberal arts ................ 18 2,632 29 7 
2-YOAl... 6 eee eee 854 0 0 0 
Specialized ............... 0 88 39 6 
MET ben0ebeoeevechaesese 87 277 29 3 
Total environmental sciences 38 6,076 2,234 449 
Doctorate ................. 0 3,501 1,882 441 
Comprehensive ............ 1 1,987 269 6 
Liberal arts ................ 0 459 5 0 
Perr rrr rrr 37 0 0 0 
Specialized ............... 0 20 37 1 
DEE Rr dbevecercasecesons 0 109 41 1 
Math and computer sciences . 11,567 58,583 11,241 1,086 
Doctorate ................. 508 24,809 7,403 1,079 
Comprehensive ............ 798 25,868 3,267 6 
Liberal arts ................ 214 4,598 105 1 
Da seeenrecccesaccooes 7,872 15 0 0 
Specialized ............... 1,300 2,562 395 0 
RPT 875 731 71 0 
Total life sciences ............ 52,055 108,285 24,291 5,576 
Doctorate ................. 3,608 53,374 16,999 5,246 
Comprehensive ............ 5,263 39,574 5,926 57 
Liberal arts ................ 1,325 10,904 212 6 
PK secgecnveccescecees 41,081 2 0 0 
Specialized ............... 250 4,338 1,126 267 
DET kg eb bccccovscccesece 528 93 28 0 
Total psychology ............. 939 40,937 8,363 3,096 
Doctorate ................. 8 18,503 3,219 2,534 
Comprehensive ............ 34 16,505 3,933 74 
Liberal arts ................ 14 5,735 621 9 
Deke erdccccececesess 877 0 0 0 
Specialized ............... 5 61 34 60 
MET 40h 66beccrcccccccecs 1 133 556 419 
Total social sciences .......... 73 69,042 7,126 2,596 
Doctorate ................. 36 38,667 5,920 2,584 
Comprehensive ............ 31 19,815 1,127 7 
Liberal arts ................ 24 10,313 76 5 
Pose eeccecccccvesecee 644 0 0 0 
Specialized ............... 1 2 0 0 
DET. Geveeceseccanccesces 0 245 3 0 
(continued) 
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Field and Carnegie category Associate § Bachelor's Master's Doctorate 
Number 
Total engineering ............. 5,380 77,061 21,314 3,443 
Doctorate ................. 13 56,089 17,686 3,372 
Comprehensive ............ 94 16,058 2,504 42 
Liberal arts ................ 9 1,187 41 1 
Dn aseceeceeeeresecess 3,537 129 0 0 
Specialized ................ 18 2,169 542 18 
Other ................005. 1,709 1,429 541 10 


SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
See figure 2-1. 
Science & Engineering indicators— 1989 


Appendix table 2-4. U.S. population and college enroliment' of 18- to 21-year-olds, by selected race and gender: 1970-68 
1972 1973 1974 1975 1976 1977 1978 1979 1980 1961 1962 1963 1964 1985 1966 1987 1968 


Total male population ........ 6,882 7,080 7,350 7,564 7,729 7,823 7,886 7,941 7,922 8,052 7,917 7,796 7,554 7,260 7,068 6,983 7,016 
Total male enroliment ........ 2,536 2,423 2,468 2,682 2,600 2,676 2,593 2,533 2,615 2,689 2,722 2,650 2,710 2,662 2,556 2,833 2,660 
NN 656%. 0406060 6e00%0 68 342 336 3.4 336 342 329 319 33.0 334 44 440 39 347 B2 406 379 
Total female population ....... 7,535 7,683 7,943 8,109 8,230 8,318 8,359 8,373 8,350 8,428 8,276 8,062 7,833 7,623 7,385 7,273 7,252 
Total female enroliment ....... 2,260 2,178 2,321 2,575 2,735 2,668 2,603 2,664 2,743 2,899 2,896 2,785 2,754 2,862 2,726 2,854 3,068 
ee 390.0 283 292 3186 332 32.1 31.1 316 329 44 350 3445 352 375 4&9 392 423 
White male population ........ 5,973 6,129 6,373 6,545 6,651 6,730 6,783 6,827 6,793 6,820 6,626 6,501 6,289 6,069 5,850 5,757 5,765 
White male enroliment ........ 2,304 2,194 2,210 2,417 2,317 2,396 2,275 2,250 2,346 2,363 2,377 2,346 2,367 2,313 2,216 2,416 2,308 
Pe esbbcbacerccccess 386 358 347 69 48 356 335 330 45 46 359 36.1 37.6 386.1 37.9 420 40.0 
White female population ...... 6,481 6,573 6,784 6,903 6,991 7,051 7,073 7,072 7,033 7,051 6,895 6,689 6,461 6,280 6,065 5,951 5,955 
White female enroliment ...... 2,024 1,952 2,039 2,238 2,368 2,282 2,251 2,327 2,363 2,514 2,519 2,412 2,380 2,483 2,295 2,401 2,601 
PRS ehh Ws beeeccnecece 31.2 29.7 30.1 324 339 324 318 329 336 357 35 3.1 3%8 395 378 403 43.7 
Black male population ........ 825 854 865 941 957 946 951 956 967 1,032 1,056 1,059 1040 1,017 965 964 962 
Black male enroliment ........ 193 189 202 218 234 205 220 220 199 225 216 205 241 261 227 278 198 
PGs h Chee es cccecees 23.4 22.1 23.4 23.2 245 21.7 23.1 23.0 206 218 204 19.4 23.2 25.7 23.0 268 206 
Black female population ....... 980 996 1,031 1,085 1,110 1,130 1,132 1,137 1,148 1,193 1,194 1,177 1,167 1,132 1,107 1,085 1,079 
Black female enroliment ...... 204 168 222 280 320 326 268 283 309 312 300 295 296 272 318 326 356 
Percent .............5005. 20.8 168 215 258 288 288 254 249 269 262 25.1 25.1 255 240 287 3.0 33.0 
Hispanic male population ...... 372 355 428 416 456 462 439 486 569 611 559 577 508 551 716 710 762 
Hispanic male enroliment ..... 8 76 99 105 108 99 83 110 120 125 99 102 105 97 151 176 151 
PE hn ee0bbsseteccccs 22.3 21.4 23.1 252 23.6 21.4 189 226 204 205 17.7 17.7 20.7 176 21.1 248 198 
Hispanic female population .... 419 382 466 484 507 519 521 525 578 642 561 610 579 594 656 662 719 
Hispanic female enroliment .... 68 77 107 114 #119 120 94 #110 110 127 148 157 164 157 155 132 164 
Percent .............0005. 16.2 20.2 23.0 236 23.5 23.1 180 21.0 19.0 198 264 25.7 283 264 236 19.9 228 
‘in thousands. 


SOURCES: U.S. Bureau of the Census, Current Population Report, Series P-20 (Washington, OC: U.S. Bureau of the Census), various issues; and unpublished tabulations. 
See figure 2-2. 
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Appendix table 2-5. Undergraduate enroliment in engineering and engineering technology programs: 1979-88 


1979 1960 1981 


1982 1983 1964 1965 1966 1967 1968 


Engineering programs 
Total full-time ............... ccc eee eeee 340,488 365,117 387,577 403,390 406,144 304,635 384,191 369,520 356,998 346,169 
Freshman .... 2... ccc eee eee 103,724 110,149 115,280 115,303 109,638 105,249 103,225 99,238 95,453 96,009 
DEE cibubecdeccecesceceseces 78,594 84,962 87,519 89,785 89,515 83,946 79,627 76,195 73,317 71,030 
AER IE  re 74,928 80,024 86,633 90,541 91,233 89,509 84,875 980,366 77,065 73,761 
A Le eis ons w5eye6eneeseees 77,823 84,442 92,414 102,055 109,036 109,695 110,305 107,773 104,003 97,614 
DEED GhGe DR Osbeddccrccocceoeace 5,419 5520 5,731 5,706 6,722 6236 6,159 5928 7,140 5,755 
Total part-time ............ cc cece ee eee 25,811 32,227 32,825 31,940 35,061 34,864 36,673 36,137 35,200 39,243 
Number of schools (total)................ 266 287 286 266 292 269 297 311 316 320 
ABET-accredited schools' ............... 239 246 250 249 258 258 264 270 277 281 
Engineering technology programs 
Total full-time .. 0.0... cece cee eee NA NA 134,444 120,342 112,745 111,446 83,036 90,536 80,600 79,624 
PUNE ccccdoccccccccccscccccoces NA NA 65,893 59,339 53,032 46806 34,369 39,177 32685 33,477 
Second year... 2... cece eee eee NA NA 40,774 36,807 33,799 31,716 23,293 25,612 22,906 21,852 
Other full-time associates.............. NA NA 872 797 925 1,165 466 657 1,404 # 1,760 
Bachelor of engineering technology 
Third and later years ................. NA NA 26,905 23,399 24,9869 31,759 24,890 25,090 23,605 22,535 
Total part-time . 0.0.0.0... ccc cece eee eee NA NA 56,708 55,791 50,481 46,451 40,533 46,854 47,901 52,060 
Number of schools ..................4.- NA NA NA NA NA NA 200 257 291 310 
NA = Not available. 


‘Schools with at least one curriculum accredited by the Accreditation Board of Engineering and Technology (ABET). 
SOURCE: American Association of Engineering Societies, Engineering Manpower Commission, Engineering & Technology Enroliments, Fall 1988, Parts | and || (Washington, 


OC: American Association of Engineering Societies, 1968). 
See figure 2-3. 
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Appendix table 2-6. College major choices of Merit Scholars: 1962-88 


1962 1963 1964 1965 1966 1967 1988 


Engineering 
Dtichie dieeaseueneegeteoxecenent 969 1,068 1,039 1,112 1,142 1,030 997 
Nan aad ne pacessacesdens 336 361 363 288 247 251 245 
Science 
ER RE PT ae me 973 966 1,121 1,127 1,060 1,002 979 
i <-.ceneaucteeseeonsesnessets 544 656 603 578 483 478 476 
Astronomy 
Pn ati os wen epncntaneesss 19 1% 20 172 286 2 
Ds aecccneccceovececeeeseeses 10 2 9 7 10 5 5 
Biochemistry 
te ia nde kaos weeanns 6 62 70 6 61 8 79 
A 56 6 7 72 46 & S83 
Biosciences, unspecified 
Dudbheadeddinneceececesesteesess 8 72 8 113 107 69 8&4 
SS 103 122 131 121 #115 79 9 
Biology, botany, zoology 
i cha DR ocdbsdestoceceeescesens 61 42 47 46 S$ 75 7 
inti wie wae taneecereseeeeees 71 9 70 86 8 8 91 
Biophysics 
DL ELUA cance. cs eenceseesnntesns 4 8 12 13 5 10 5 
Kian oo de ennegceeee6eeeses 5 5 4 3 1 2 1 
Chemistry 
ichiehheh geeteucenceecsoasees 7 64 8 6 87 71 91 
DA oh cn ehcéa cwececiceecesoees 4277 6&4 48 6 46 4 «37 
Computer science 
Piece chi cbesueaeeeeeesasetaee 244 325 326 264 219 186 180 
ie tnd Gh b0ess0esncsnseesé 104 135% 92 49 2064 2 2 
Earth sciences 
0 EE SE ee 2 6 10 13 £=10 9 5 
Rid oie 56906008400 eheees 12 16 8 12 5 7 9 
Math and statistics 
ch CRG Gwhhe0bo0o0066eeeee0e 62 118 103 139 145 154 142 104 
DP iceceks466b66)00000060660 60 6 63 91 74 #=%73 69 68 
Physical sciences, unspecified 
Male ..... FCP OPOVITTTTTT TTT TTY 646 71 84 74 $=+j+4 107 
I Ghbb 6060000 600000000 0080006 3S Do wT BEOlUCMThUC<C~rMH]FtC? 
Physics 
STITT TTT TTT TT TTT TTT 212 215 254 265 265 258 223 
Di ntketeueerobeedencectésesee 36 58S 6G SG 5i 6 ® 
Health sciences 
DP ethid ecnaesbesecettees ceeetec 357 344 39 306 364 312 249 
DT bp s6eseggebeiedsssocteceees 325 315 307 WO 274 234 23% 
Humanities and social sciences 
cine 60o4b6600000 060080000004 561 574 626 706 809 775 758 
DP ébeibé¥edeececeesoeesnesees 544 500 642 695 710 717 757 
Business 
io cdéeateweséoceesoasesenset 135 100 114 157 170 171 183 
A466 66606600060006000800008 138 135 139 135 147 116 13% 
Arts 
bind td dun dguhaedseesecesosose 72 S52 70 8 70 6 7 
Ds cecdaseedurecceteresséoeee 78 #72 #=+$736 71 8 76 76 
Other 
EMSA <dusebeees der eotvesceceses es 114 % 92 91 118 141 163 
DD h6Gb6ddesccdesosecesoesense 140 110 130 135 148 155 161 
Undecided 
Ni G566006000000 00CbeC0cCes eee 75 57 82 82 102 BE 439 
ee 67 51 993 78 82 296 285 


SOURCE: National Meri Scholarship Corporation, 1962-88, Annua/ Report (Evanston, iL: National Merit 


Scholarship Corporation) ongoing annual series. Used with permission. 


See figure 2-6. 
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Appendix table 2-7. S/E graduate students in doctorate-granting institutions, by gender: 1960-88 


Field 19860 1961 1962 19863 1984 1965 1986 1987 1988 
Total science and engineering .......... 297,264 302,390 309,547 317,865 320,506 328,256 339,349 343,228 347,533 
tit nd cueedneeeeeseeseeasress 210,795 211,364 214,477 219,658 221,174 226,050 233,369 234,481 234,722 
Pe 86,469 91,026 95,070 96,207 99,332 102,206 105,960 108,747 112,811 
Total science ................-20eeee 227,121 228,017 231,369 232,541 233,391 238,017 242,555 246,226 250,555 
Miditceeceeseseseeeteeoseeess 146,789 144,322 144,617 143,611 143,819 146,250 148,279 149,535 150,158 
PMndtecnecsceseseececeeeessee 80,332 83,695 86,752 88,930 989,572 91,767 94,276 96,691 100,397 
Physical sciences .................. 25,393 25,780 26,499 27,747 28,410 29,312 30,543 30,967 31,266 
Di cénadeecccacentesesss cet 21,176 21,225 21,579 22,366 22,736 23,318 24,199 24374 24,308 
t+ +peesgereceeteces+eve 4217 4555 4,920 5,381 5.674 5994 6344 6,593 6,958 
Environmental sciences ............. 12,795 13,063 13,757 14,281 14,286 14217 13,969 13,368 12,967 
cn ih~ 66660640600069% cece 9,890 9,964 10356 10,671 10,740 10,601 10344 9,878 9,473 
Female .............0c eee eee 2,905 3,099 3,401 3,610 3546 3,616 3,645 3,490 3,494 
Mathematical sciences .............. 13,625 14,004 14,756 14,865 15,067 15,268 15,663 16,221 16,795 
Ct At pebseégereeces:¢6aeeeecs 10,168 10,274 10,650 10,655 10,8633 10,823 11,072 11,446 11,870 
Piss Kodcpestees cocnesdser 3,457 3,730 4,108 4230 4234 4445 4591 4,775 4,925 
Computer science ................. 11,364 13,141 15,576 18,306 20,366 23,823 25,204 26,083 26,950 
DP cheese nedbeneeesecesccecece 8899 9,906 11,442 13,325 15,065 17,934 19,272 19,667 20,336 
DE Screkeceveeseeceeczecves 2,485 3,235 4,134 4,961 5,301 5,889 5932 6,216 6,614 
Life sciences’ ...............000eee 54,325 53,330 53,454 53,147 53,290 53,170 54,044 53,967 55,032 
Dad éhecnesedereoosceceseess 35,309 34,217 33,428 32,901 32,824 32,389 32,626 32,422 32,472 
a 19,016 19,113 20,026 20,246 20,466 20,781 21,418 21,565 22,560 
Psychology ............ccecceeeees 29,384 29,052 29,062 30,011 30,126 30,581 30,739 31,564 32,680 
Dare céeneebeceeseceésesocee 14,218 13,494 12,960 12,999 12,667 12307 12,018 12,056 12,215 
DT cobéocecccesorececeocces 15,166 15,556 16,122 17,012 17,459 18274 18,721 19,528 20,465 
Social sciences ................... 80,285 79,647 78,243 74,164 71,846 71,646 72,373 74,016 74,865 
RRP TTT TITTY TT TT eee 47,129 45,242 44,202 40,694 38,954 36,878 38,748 39,492 39,484 
DT S660 6 ee cere ceteusececoes 33,156 34,405 34,041 33,470 32,892 32,768 33,625 34,524 35,361 
Total engineering .................... 70,143 74,373 78,178 85,324 87,115 90,239 96,794 97,002 96,978 
PRP EIT TTCTT TTT PTET TT Ty 64,006 67,042 69,860 76,047 77,355 79,800 85,090 84,946 84,564 
DT Ch ii666600.0000600000000606 6,137 7,331 8,318 9,277 9,760 10,439 11,704 12,056 12,414 
‘includes biological and agricultural sciences and excludes health fields. 
SOURCE: NSF, Division of Science Resources Studies. 
See figure O-15 in Overview. 
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Appendix table 2-8. S/E graduate enroliment in doctorate-granting institutions, by field, citizenship, and 
raciaVethnic 


background: 1980-88 

Field, citizenship, and racial/ethnic 
background 1960' 1961' 1962 1963 1964 1985 1986 1987 1988 
Total science and engineering .......... 297,264 302,390 309,547 317,865 320,506 328,256 338,349 343,228 347,533 
Total U.S. citizens ................. NA NA 248,448 251,283 251,975 255,329 258,413 258,491 258,396 
Black, non-Hispanic .............. 8033 7832 8997 9241 8863 8769 8870 8765 9,395 
Asian/Pacific islander ............. 6555 6219 7,168 7,927 8746 10,526 11,355 12867 14,020 
St htitiininncessnesevessce 5662 5,776 7,211 7,931 7897 7928 8250 8446 8,438 
White, non-Hispanic .............. 178,508 170,576 198,190 207,211 205,612 206,818 211,184 211,589 212,028 
Other or unknown ................ 647 540 26,862 18973 20,837 21,288 18854 16824 14,515 
Dt kets ernbédecopececensecess NA NA 61,099 66,562 68531 72927 79,936 684,737 89,137 
ML necnvcwececcecceeesoses 227,121 228,017 231,369 232,541 233,301 238,017 242,555 246,226 250,555 
Total U.S. citizens ................. NA NA 194,320 192,362 191,614 192,790 193,427 193,754 195,075 
Black, non-Hispanic .............. 7,199 7,051 8013 6038 7,568 7,539 7,561 7,486 8,065 
Asian/Pacific islander ............. 4054 4207 4,759 5094 5468 6246 6,708 7,685 8,356 
TE <atbendaccccvescoceenes 4672 4907 6217 6622 6521 6568 6712 6850 6,850 
White, non-Hispanic .............. 143,144 135,272 156,150 161,928 159,546 159,808 161,523 161,313 163,116 
Other or unknown ................ 572 432 17,181 10,680 12,491 12,609 11,023 10420 8,688 
Di cxsessocasveeseesoececsee NA NA 37,049 40,179 41,777 45,227 49,128 52,472 55,480 
Physical sciences .................. 25,393 25,780 26,499 27,747 28410 29,312 30,543 30,967 31,266 
Total U.S. clizens ................ NA NA 19,860 20,375 20,618 20,690 20,826 20,687 20,562 
Black, non-Hispanic ............ 332 345 434 427 456 388 383 398 437 
Asian/Pacific islander ........... 576 565 628 641 787 837 822 936 1,139 
Hispanic ................eeeee 337 355 461 539 507 564 587 547 574 
White, non-Hispanic ............ 15,562 15,164 16,734 17,641 17,631 17,369 17,654 17,186 17,3862 
Other or unknown .............. 14 16 § 1,603 1,127 1237 1532 1,380 1,620 1,030 
PE 0c ec66b bce eveccocccocece NA NA 6639 7,372 7,792 68622 9,717 10,280 10,704 
Environmental sciences ............. 12,795 13,063 13,757 14,281 14,286 14,217 13,969 13,368 12,967 
Total U.S. cilizens ................ NA NA 11,943 12,479 12,550 12,403 12,024 11,262 10,627 
Black, non-Hispanic ............ 72 79 75 99 101 111 90 87 97 
Asian/Pacific islander ........... 153 115 178 206 155 167 146 174 189 
Hispanic ............0.eecees. 133 146 156 200 241 192 217 227 211 
White, non-Hispanic ............ 8957 9,510 10,382 11,350 10,952 10,699 10,855 10230 9,755 
Other or unknown .............. 36 14 1,152 624 1,101 1,034 716 544 375 
SE bNdn Ed 86666 coecdccencces NA NA 1814 1602 173 1614 1,965 2106 2,340 
Mathematical sciences .............. 13,625 14,004 14,7568 14,885 15,067 15,268 15,663 16,221 16,795 
Total U.S. cilizens ................ NA NA 10,531 10,270 10,176 10,177 10,178 10,418 10,715 
Black, non-Hispanic ............ 220 239 268 275 255 267 303 312 293 
Asian/Pacific islander ........... 292 320 404 426 421 498 586 645 611 
DEED sé0vseescccccvecceces 156 203 244 295 250 231 240 237 296 
White, non-Hispanic ............ 7342 7,163 6513 8565 8419 8336 68192 8317 8,735 
Other or unknown .............. 38 6 1,102 689 831 845 857 907 780 
PED bs Ch evebeccecccoccsccees NA NA 4227 4615 4891 5091 5485 5803 6,060 
Computer science ................. 11,384 13,141 15,576 18,306 20,366 23,623 25.204 26,063 26,950 
Total U.S. ciizens ................ NA NA 11,954 13,552 14830 17,391 18303 18546 19,071 
Black, non-Hispanic ............ 117 189 349 371 377 457 506 591 641 
Asian/Pacific islander ........... 395 505 645 808 890 1376 1526 1637 2,072 
Hispanic .......... ccc eeeeeee 68 78 176 194 208 381 347 436 407 
White, non-Hispanic ............ 5,603 6411 9,225 10,202 106869 12689 13543 14,108 14,680 
Other or unknown .............. 8 3 1550 1977 246 2488 2381 1574 1,271 
PE 8 cS 0 0tecebeesecscesccces NA NA 3,622 4,754 5536 6432 6901 7537 7,879 

(continued) 
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Field, citizenship, and racial/ethnic 
background 1960' 1961' 19862 1983 1984 1985 1986 1987 1988 
Life eciences® ..................... 54,255 53,330 53,454 53,147 53,290 53,170 54,044 53,987 55,032 
Total U.S. ciizens ................ NA NA 45,643 44,776 44,711 43,971 43,769 42680 42,738 
Black, non-Hispanic ............ 802 767 950 932 952 964 $47 925 1,051 
Asian/Pacific islander ........... 1,162 993 1,170 1,272 1,348 1,463 1,613 1,747 1,968 
Hispanic ..................... 942 638 875 968 967 1,122 1,146 1,138 1,260 
White, non-Hispanic ............ 38,038 36,079 39,722 40,005 40,253 38,763 38,564 37,321 37,251 
Other or unknown .............. 72 45 641 352 192 348 273 191 271 
Foreign ..........-..----2-eeeee NA NA 7,811 8,371 8579 9,199 10,275 11,307 12,294 
Psychology ....................-... 29,384 29,052 29,082 30,011 30,126 30,581 30,739 31,564 32,680 
Total U.S. ciizens ................ NA NA 27,975 28,822 28,923 29,292 29,443 30,251 31,227 
Black, non-Hispanic ............ 1,024 1,051 1,131 1,286 1,317 1,195 1,200 1,203 1,278 
Asian/Pacific islander ........... 288 334 352 382 410 438 488 602 
re 1,045 1,058 1,240 1,278 1,360 1,380 1,459 1,371 1,426 
White, non-Hispanic ............ 18,997 17,053 21,9395 24,296 23,720 24,178 24,628 25,731 26,425 
Other or unknown .............. 181 61 3,317 1580 2,116 2,101 1,668 1,344 1,470 
PP enedecvecsccccceccecvecs NA NA 1,107 1,189 1,203 1,289 1,296 1,333 1,453 
Social sciences ................... 80,285 79,647 78,243 74,164 71,846 71,646 72,373 74,016 74,865 
Total U.S. cilizens ................ NA NA 66,414 62,088 59,806 56,866 56,884 59,910 60,135 
Black, non-Hispanic ............ 4632 4,361 4,806 4648 413 4,137 4,032 3,970 4,268 
Asian/Pacific islander ........... 1,188 1,375 1,362 1,359 1,457 1,467 1,527 1,744 1,729 
re 1,991 2434 3,065 3,148 2968 2718 2716 28984 2676 
White, non-Hispanic ............ 48,645 44,892 51,639 49,849 47,6862 47,574 48,067 48,420 48,888 
Other or unknown .............. 223 287 «365,522 3,004 3569 2970 2542 2882 2574 
PEE ws eeceescvcccecccccccces NA NA 11829 12,076 12,040 12,780 13,489 14,106 14,730 
Malet ce cencecccesseseces 70,143 74,373 78,178 85,324 87,115 90,239 95,794 97,002 96,978 
Total U.S. citizens ................. NA NA 54,128 56,921 60,361 62539 64,986 64,737 63,321 
Black, non-Hispanic .............. 834 781 964 1203 1295 1230 1309 1279 1,330 
Asian/Pacific islander ............. 2501 2012 2409 2833 3278 4280 4647 5,182 5,664 
ee 990 869 994 1309 1376 1340 1538 1,596 1,568 
White, non-Hispanic .............. 35,364 35,304 40,040 45,283 46,066 47,010 49,661 50276 48,912 
Other or uninown ................ 75 108 9,701 8.293 8346 8679 7,831 6404 5,827 
NA 


NA = Not available. 

‘For part-time students, distribution by citizenship was not requested prior to 1962. 
2inctudes agricultural and biological sciences and exctudes health fieids. 
SOURCE: NSF, Division of Science Resources Studies. 

See text table 2-2. 
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Appendix table 2-9. S/E graduate enrollment in institutions, by field, racial/ethnic group, 
Citizenship, and enrollment status: 1960-88 
Full-pme 
1981" 1982 1983 1984 1985 1986 1987 1988 
212,063 216,012 223,135 224,701 227,486 236,748 240,966 245,463 
161,566 162,868 165,673 165,736 163,977 166,651 167,312 167,741 
118,478 132,383 139,962 139,116 135,971 139,563 138,562 139,345 
4,798 5329 5379 5227 5,181 5196 5224 5638 
3.793 4514 43942 4996 5836 5400 5499 5538 
413 4654 5308 6051 6930 7,623 8710 9,663 
30,362 15,968 10,082 10346 10,059 8869 9297 7,557 
50,517 53,144 57,462 56,965 63,509 70,097 73,654 77,722 
167,266 167,325 170,445 170,727 172,660 177,717 180,614 183,807 
135,950 134,993 135,222 134,369 132,658 134,028 134,351 134,516 
100,439 111,231 116,040 114,419 111,774 113,859 113,080 113,664 
4448 4404 4856 4772 45865 4536 4484 4560 4903 
3403 3314 3944 4209 4289 5118 4567 4678 4618 
3052 3,067 3332 3706 4024 4466 4918 5656 6,157 
24,726 11,630 6495 7052 6,764 6200 6377 5,174 
31,316 32332 26223 336 40,011 43,689 46,263 49,291 
22,600 23,330 24502 25,147 25,938 27,069 27.652 27,832 
16,523 17,008 17,458 17,719 17,685 17,778 17,856 17,621 
13,260 14415 15,145 15,118 14912 15,072 14,780 14,831 
274 339 330 363 300 312 327 34 
315 375 454 444 514 531 495 525 
452 502 538 683 742 737 859 1,027 
2222 1407 1011 1,111 1217 1,126 1,395 884 
6077 6292 7044 7428 8253 9,291 9,796 10,211 
10,491 10873 11,497 11,266 10,871 10,862 10,097 9,693 
9026 9269 9842 9716 923% 90860 8217 7,791 
6849 7999 83920 8,391 8,067 8155 7,395 7,113 
59 59 77 79 82 62 63 70 
125 112 135 183 160 181 193 171 
100 130 144 132 147 137 154 174 
1,883 969 566 931 780 545 412 263 
1465 1604 1655 1550 163 1,782 1880 2,102 
9,680 10,174 10,316 10613 11,160 11,727 12364 12,791 
6.159 6453 6236 6266 6509 6776 7071 7,254 
4509 5227 5224 5226 5318 5562 5632 5,997 
119 146 128 134 162 192 212 175 
157 163 201 168 161 160 186 215 
231 278 285 246 352 423 454 419 
1,053 398 492 516 439 587 448 
3521 3,721 4080 4347 4651 4951 5293 5537 
6465 73908 9276 10,108 12,374 13,389 13,639 13,811 
4260 5,137 5,763 6109 7,481 7943 7929 7,74 
3,161 3650 4419 4736 5509 6064 604 5893 
70 116 118 128 154 227 245 244 
37 86 8&3 97 106 138 129 140 
199 279 445 453 597 720 863 3s: 1,005 
733 806 6986 685 1,115 774 447 
2206 2771 3513 3999 4893 5446 5,71 6,062 
45,084 44,726 44654 45,011 44,417 45,461 45834 46,912 
38,156 37,574 36935 37,0804 35,928 25,932 35,376 35,468 
30,565 32884 33,215 33553 31,792 31,895 31,106 30,910 
599 73% 733 697 727 705 715 803 
531 726 304 827 3=1,701 959 971 1,060 
866 969 1092 1201 1297 1421 1552 1,766 
5595 2239 1,091 806 411 952 1,032 909 
6928 7,152 7,719 7927 6489 9,529 10,458 11,444 
(continued) 
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Fultpme 
Field, racial/ethnic group, and ciizenship 1960" 1981' 1982 1983 1964 1985 1986 1987 1988 
ia ewameegoeavesees 21,580 21,544 21,103 22,150 21,601 21341 21,997 22567 23,360 
Total U.S. ciizens ................ 20,526 20,712 20216 21,214 20677 20,309 20966 21,478 22,149 
Wie ...............-........ 14,764 13,062 15574 18041 17,277 17,097 17,702 18477 18911 
Si Memcensceneesseeseveseues 788 802 875 864 813 831 815 881 
Hispanic ..................... 846 871 936 908 915 1,035 971 977 
Asian ............-..--.---.-- 247 291 274 298 321 337 385 433 510 
Other U.S. clizens ............. 3839 5,700 2630 10982 1277 #4«©1:,147 + # 1,013 722 870 
Foreign ......................-. 1,054 832 887 $24 1032 # £1,031 1,088 1,211 
Social sciences ................... 51,518 51,402 49211 46,050 46981 46568 47,212 48461 49,208 
Total U.S. clizens ................ 418355 41,114 BMG 37,774 B78 B50 BSS BA 3504 
Wie ..............-..2...... 31,366 283993 31,282 31,076 3,118 29,079 23,389 266 30,009 
Sl inunso5660s6e6seusssese 2523 2495 26568 2511 2320 229 215 218 #$£=2376 
DED o5e0ccecesceecesesece 1,216 1,278 1,546 1644 1,632 1,561 1,563 1,733 1,510 
Asian ...........-.2-..--2---- 880 804 968 oo406 611085 = « 1,265) 1,256 
Other U.S. clizens ............. 5902 7470 23940 1639 1,740 1578 1,351 1,601 1,353 
Foreign ...................--..-. 9683 10288 9905 10276 10.183 11,058 11,659 12037 12,704 
Total engineering .................... 41,939 44817 46687 52690 53974 54817 59,031 60,352 61,656 
Total U.S. clizens ..........-...-- 24436 25616 27875 3451 31,367 31,319 326233 32961 3323 
0 Sree 18,341 180399 21,152 23,922 24697 24,197 25.704 25502 25,681 
Black ...........-2-2-.--20eee 436 394 473 607 642 645 712 664 73 
Hispanic .................-2.. 562 479 570 733 707 718 821 
Asian ...........----- 2 ee eeee 1464 1068 1322 1602 2027 2464 2706 3054 3,506 
Other U.S. clizems ............. 3613 5636 4358 3587 3284 32935 2689 2392 23833 
PP bereneesoccoceccescesces 17,503 19,201 20812 22239 22,607 23498 26.408 27,391 28,431 
(continued) 


p/GQRA9NE ggUEKEEE gageese guyseren ggaesons tpangan gepnencs 
p/AEBARRRN GUQNRENG gugreren gggeeun gpussens gpqsnany gagevecs 
s/ENOEABEN QORRSEUQ SEAT#suU pagenree quacenea gygcnage gugezene 
g/ENBNSMNE QEQNEEES GUUTOHRA geyereas cugeesns tgencegn gggasees 
is gggnengy gEQA4sES augeenen gggreoss guasvens gunscegn gaguneaa 
[| faagnnsse gggnsnes sugrseen nngreves guyeesun gngecuss gugesen 
z| \nfQQUSRAGE EYSRGURE ARCHER gugreeee gggseeen eagtenes guussene iy 
i i dL tele Regghs22 8255 e233 BZ ERO SS AsHSVESS ESRSS RSS q22 85823 
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th oy Ap both ft Tt S333 Ba gid 
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Part-time 

Field, racial/ethnic group, and citizenship 1980' 1981! 1982 1983 1984 1985 1986 1987 1988 
ie wav seeeesseese 7,804 7,508 7,979 7,861 8525 9,240 68742 9,017 9,320 
Total U.S. citizens ............... NA NA 7,759 7,608 8246 8983 8477 8773 9,078 
White ..................2055. 4233 3,991 6,361 6,255 6,443 7,081 6,926 7,254 7,514 
Black .... 0.0.0... cee eee eee 194 263 329 411 453 382 369 388 397 
Hispanic .................... 199 187 304 370 422 465 424 400 449 
Asian .... 0... 2c cece eee eee 41 43 78 84 89 101 103 109 118 
Other U.S. citizens ............ NA NA 687 488 839 954 655 622 600 
A NA NA 220 253 279 257 265 244 242 
Social sciences ................... 28,767 28,245 29,032 26,114 24865 25,078 25,161 25,555 25,657 
Total U.S. citizens ............... NA NA 27,108 24,314 23,008 23,356 23,331 23,486 23,631 
Ds <pcneagsecedevecesesss 17,279 15,949 20,357 18,773 17,564 18495 18678 18,774 18,879 
DE Mitcctuiasewesdeecesses 2,109 1,886 2,148 2,137 1,810 1,839 1,877 1,787 1,892 
DE ceeusecceceseaeesess 775 1,156 1,519 1,504 1,336 1,157 1,153 1,161 1,166 
0 re 360 447 502 455 469 473 432 483 473 
Other U.S. citizens ............ NA NA 2,582 1,445 1,829 1,392 1,191 1,281 1,221 
oo , NA NA 1,924 1,800 1,857 1,722 1,830 2069 2,026 
Total engineering ................... 28,204 29,556 29,491 32,634 33,141 35,422 36,763 36,650 35,322 
Total U.S. citizens ............... NA NA 26,253 28,470 28,994 31,220 32,363 31,776 30,096 
White ................ 002 17,023 17,265 18,888 21,361 21,369 22,813 23,957 24,774 23,231 
Sa ccceeeenkevesheeeeeses 398 387 511 596 653 585 597 615 595 
Hispanic .................45. 428 390 424 576 669 622 705 775 668 
Fer eer 1,017 944 1,087 1,231 1,251 1816 1,942 2,126 2,158 
Other U.S. citizens ............ NA NA 5343 4,706 5,052 5364 5162 3484 3,444 
DE cn ceescacsaancenccesss.s NA NA 3,238 4,164 4,147 4,202 4,400 4874 5,226 

NA = Not available. 


‘For part-time students, distribution by citizenship was not requested prior to 1982. 


2includes agricultural and biological sciences and excludes health fields. 
SOURCE: NSF, Division of Science Resources Studies. 
See text table 2-2 and figure O-16 in Overview. 
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Appendix table 2-10. S/E postdoctorates in doctorate-granting institutions, by field and citizenship: 1980-88 


Field 1960 1981 1962 1963 1984 1985 1986 1987 1988 
Total sciences and engineering ........ 14,013 14,781 14676 15,703 16,229 16988 17,974 18925 19,877 
PEE 5 < rubs deb bckhnes sednacas 5,409 59368 5962 6210 6516 7220 7,824 8514 9,318 
Total SCIENCES .. 2... eee eee 13,035 13,741 13,696 14602 15,035 15,641 16576 17,483 18,201 
PEE ss occas douedeb-vegeaacee 4,733 5,229 5305 5519 5757 6313 6684 7,568 68216 
Total physical sciences ........... 4,264 4462 4,281 4444 4366 4517 4843 4953 5,187 
PED v.00 ov 6bc bevbenessesde 2,159 2358 2367 2,385 2412 2501 2640 2,778 2,931 
Total environmental sciences ...... 308 339 335 415 488 375 417 420 508 
Ps 6:5 66 0b-avevea dhavcesys 102 126 121 159 164 125 141 162 189 
Total mathematical sciences ....... 162 113 194 170 203 226 201 228 280 
yer ry rere 92 61 126 90 100 114 101 110 133 
Total computer science ........... 43 34 46 82 63 74 74 100 91 
revere Seri rere 13 16 12 45 21 29 29 35 39 
Total ife sciences’ ............... 7,345 7,990 8035 8699 9,116 9583 10,169 10934 11,309 
PU. sec tdwicciesaicesssns 2,192 2491 2513 2663 2910 3363 3,796 4,321 4,779 
Total psychology ................ 475 471 520 435 422 496 520 458 497 
SP errert ree 30 54 65 61 46 54 50 73 73 
Total social sciences ............. 438 332 267 357 357 368 352 390 329 
PS eer re reer 145 123 101 116 104 127 127 89 72 
Total engineering ....... 6... cee eee 978 1,040 978 1,101 1,194 1347 1396 1,442 1,676 
PED <9. 60 obese sgennsecdseenes 676 709 657 691 759 907 940 946 8§=1,102 
‘Includes biological and agricultural sciences and excludes health fields. 
SOURCE: NSF, Division of Science Resources Studies. 
See figure 2-7. 
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Appendix table 2-11. Academic degrees, by degree level, S/E degrees, and S/E degrees earned by females: 1960-88 


SOURCE: NSF, Division of Science Resources Studies. 


RAD 


Bachelor's Master's Doctorates 
Number Percent Number Percent Number Percent 
Total S/E Female S/E Female’ Total S/E Female S/E Female’ Total S/E Female S/E Female’ 
1960 ....... 394,889 120,937 19,362 30.6 16.0 74,497 20,012 2,074 26.9 10.4 9,733 6,263 443 64.3 7.1 
1961....... 401,784 121,660 20,595 30.3 16.9 78,269 22,786 2,464 29.1 10.8 10,413 6,721 494 64.5 7.4 
1962 ....... 420,485 127,469 23,485 30.3 18.4 84,889 25,146 2,812 29.6 11.2 11,500 7,438 537 64.7 7.2 
1963 ....... 450,592 135,964 27,099 30.2 19.9 91,418 27,367 3,194 29.9 11.7 12,728 8,219 598 64.6 7.3 
1964 ....... 502,104 153,361 32,473 30.5 21.2 101,222 30,271 3,567 29.9 11.8 14,325 9,224 692 64.4 75 
1965 ....... 538,930 164,936 36,213 30.6 22.0 112,195 33,835 4,082 30.2 12.1 16,340 10,476 744 64.1 7.1 
1966 ....... 555,613 173,471 39,482 31.2 22.8 140,772 38,083 4,882 27.1 12.8 17,949 11,458 909 63.8 7.9 
1967....... 594,862 187,848 44,002 31.6 23.4 157,892 41,800 5,717 26.5 13.7 20,403 12,962 1,086 63.6 8.4 
1968 ....... 671,591 212,174 53,463 31.6 25.2 177,150 45,425 6,512 25.6 14.3 22,936 14,448 1,298 63.0 9.0 
1969 ....... 769,683 244,519 63,196 31.8 25.8 194,414 48,425 7,314 24.9 15.1 25,743 16,039 1,483 62.3 9.2 
1970 ....... 833,322 264,122 68,878 31.7 26.1 209,387 49,318 8,577 23.6 17.4 29,498 17,743 1,626 60.1 9.2 
1971....... 884,386 271,176 72,996 30.7 26.9 231,486 50,624 8,658 21.9 17.1 31,867 18,949 1,941 59.5 10.2 
1972 ....... 937,884 281,228 77,671 30.0 27.6 252,774 53,567 9,557 21.2 17.8 33,041 19,007 2,103 57.5 11.1 
8 1973 ........ 980,707 295,391 83,839 30.1 28.4 264,525 54,234 9,760 20.5 18.0 33,755 19,001 2,450 56.3 12.9 
1974....... 1,006,654 305,062 91,793 30.2 30.1 278,259 54,175 10,545 19.5 19.5 33,047 18,313 2,607 55.4 14.2 
1975 ........ 987,922 294,920 93,342 29.9 31.6 293,651 53,825 11,005 18.3 20.4 32,951 18,358 2,836 55.7 15.4 
1976 ....... 997,504 292,174 95,597 29.3 32.7 313,001 54,747 12,072 17.5 22.1 32,946 17,864 2,981 54.2 16.7 
1977 ....... 993,008 268,543 97,453 29.1 33.8 318,241 56,731 13,154 17.8 23.2 31,716 17,416 3,106 54.9 17.8 
1978 ....... 997,165 288,167 100,060 28.9 34.7 312,816 56,237 13,690 18.0 24.3 30,875 17,048 3,313 55.2 19.4 
1979 ....... 1,000,562 288,625 102,292 28.8 35.4 302,075 54,456 14,040 18.0 25.8 31,239 17,245 3,583 55.2 20.8 
1960 ....... 1,010,777 291,983 105,974 28.9 36.3 299,095 54,391 14,383 18.2 26.4 31,020 17,199 3,801 55.4 22.1 
1981 ....... 1,019,246 294,867 106,442 28.9 36.8 296,798 54,811 15,014 18.5 27.4 31,357 17,633 4,023 56.2 22.8 
1962 ....... 1,036,597 302,118 113,161 29.1 37.5 296,580 57,025 15,976 19.2 28.0 31,106 17,630 4,145 56.7 23.5 
1963 ....... 1,054,242 < 17,225 115,611 29.1 37.6 290,931 58,868 17,081 20.2 29.0 31,280 17,976 4,495 57.5 25.0 
1964 ....... 1,061,245 314,666 118,016 29.7 37.5 285,462 59,569 17,675 20.9 29.7 31,332 18,107 4,587 57.8 25.3 
1965 ....... 1,066,439 321,439 121,439 30.1 37.8 287,213 61,278 18,298 21.3 29.9 31,291 18,323 4,682 58.6 25.6 
1986 ....... 1,074,785 323,950 NA 30.1 NA 289,829 62,526 NA 21.6 NA 31,896 18,859 4,942 59.1 26.2 
1987 ....... NA NA NA NA NA NA NA NA NA NA 32,367 19,312 5,103 59.7 26.4 
1968 ....... NA NA NA NA NA NA NA NA NA NA 33,456 20,257 5,382 60.5 26.6 
NA = Not available. 
‘Percentage of S/E degrees earned by females. 
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Appendix table 2-12. S/E degrees, by level and field: 1977-68 


. a" ee 


Field 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1968 
Bachelor's 

Total, alifields ........... 288,543 288,157 288,625 291,983 294,867 302,118 307,225 314,666 321,739 323,950 NA NA 

Total science ............ 246,962 240,746 234,905 232,743 230,799 234,327 234,271 238,135 243,868 246,889 NA NA 
Physical sciences ....... 16,965 17,172 17,281 17,506 17,481 17,311 16,199 15,834 16,271 15,786 NA NA 
Mathematics ........... 14,303 12,701 11,901 11,473 11,173 11,708 12,557 13,342 15,267 16,388 NA NA 
Computer science ...... 6,426 7,224 8,769 11,213 15,233 20,431 24,678 32,435 39,121 42,195 NA NA 
Environmental sciences 5,653 6,003 6,082 6,155 6,694 7,061 7,298 7,925 7,576 6,076 NA NA 
Life sciences .......... 78,472 77,138 75,085 71,617 68,086 65,041 63,237 59,613 57,812 56,465 NA NA 
Psychology ............ 47,794 45,057 43,012 42,513 41,364 41,539 40,825 40,375 40,237 40,937 NA NA 
Social sciences ........ 77,349 75,461 72,775 72,266 70,768 71,236 69,477 68,611 67,584 69,042 NA NA 

Total engineering ......... 41,581 47,411 53,720 59,240 64,068 67,791 72,954 76,531 77,871 77,061 NA NA 

Master's 

Total, all fields ........... 56,731 56,237 54,456 54391 54811 57,025 56,868 59,569 61,278 62,526 NA NA 

Total science ............ 39,842 39,222 38,263 37,545 37,436 36,431 39,147 39,217 40,072 41,212 NA NA 
Physical sciences ....... 3,686 3,744 3,687 3,440 3,424 3,514 3.329 3,586 3642 3,676 NA NA 
Mathematics ........... 3,698 3,383 3,046 2,868 2569 2,731 2,839 2,749 2,888 3,171 NA NA 
Computer science ...... 2,798 3,038 3,055 3,647 4,218 4,935 §,321 6,190 7,101 8,070 NA NA 
Environmental sciences 1,659 1,832 1,777 1,793 1,876 2,012 1,959 1,982 2,160 2,234 NA NA 
Life sciences .......... 10,707 10,711 10,719 10,278 9,731 9,824 9,720 9,330 8,757 8572 NA NA 
Psychology ............ 8,320 8,194 8,031 7,861 8,039 7,849 8.439 8,073 8,481 8,363 NA NA 
Social sciences ........ 8,974 8320 7,948 7,656 7,561 7,566 7,540 7,307 7,043 7,126 NA NA 

Total engineering ......... 16,889 17,015 16,193 16846 17,373 18594 19,721 20,352 21,206 21,314 NA NA 

Doctorates 

Total, alifields ........... 17,416 17,048 17,245 17,199 17,633 17,630 17,976 18,107 18,323 18859 19,312 20,257 

Total science ............ 14,773 14,625 14,755 14,720 15,105 14,964 15,195 15,194 15,157 15,483 15,600 16,067 
Physical sciences ....... 2,721 2,611 2,674 2,521 2,627 2,694 2,802 2,845 2916 3,090 3,212 3,320 
Mathematics ........... 933 838 769 744 728 720 701 698 688 729 740 749 
Computer science ...... 31 121 210 218 232 220 286 295 310 399 450 514 
Environmental sciences 694 623 646 628 583 657 637 614 617 589 628 726 
Life sciences .......... 4,266 4369 4,501 4,715 4,786 4,844 4,756 4877 4902 4,806 4,813 5,121 
Psychology ............ 2,989 3,055 3,091 3,098 33568 3,159 3,347 3,257 3,117 3,124 3,177 3,058 
Social sciences ........ 3,139 3,008 2,864 2,796 2,791 2,690 2.666 2,608 2,607 2,746 2,580 2,579 

Total engineering ......... 2,648 2423 2,490 2479 2,528 2,646 2,781 2,913 3,166 3,376 3,712 4,190 
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Appendix table 2-13. S/E doctorates of non-U.S. citizens, by visa type: 1978-88 


Field 1978 1979 1980 1981 1962 1983 1984 1985 1986 1987 1968 
Total, all fields .......... 0. ccc cece cee eee 17,048 17,245 17,199 17,633 17,630 17,976 18,107 18,323 18,859 19,312 20,257 
Non-U.S. citizens, permanent visas ............. 970 927 935 876 834 877 817 899 969 1,064 1,095 
Non-U.S. citizens, temporary visas ............. 2,506 2,606 2643 2,892 3,051 3,328 3,609 3960 4,056 4,364 4,838 
Total SCIENCE .. cece eee eens 14,625 14,755 14,720 15,105 14,964 15,195 15,194 15,157 15,483 15,600 16,067 
Non-U.S. citizens, permanent visas ............. 645 605 636 575 536 558 543 584 # £626 709 729 
Non-U.S. citizens, temporary visas ............. 1,738 1,791 1,792 1,950 2,021 2,158 2340 2,541 2684 2,832 3,115 
Physical sciences .................: cece eeeee 2,611 2,674 2,521 2,627 2694 2,802 2,845 2916 3,090 3,212 3,320 
Non-U.S. citizens, permanent visas ........... 183 165 151 147 119 120 119 135 133 147 137 
Non-U.S. citizens, temporary visas ........... 397 415 426 442 506 539 564 620 758 798 862 
Mathematics ............ 0c cece cc eee cece 838 769 744 728 720 701 698 668 729 #740 #+;+.749 
Non-U.S. citizens, permanent visas ........... 47 51 62 43 4) 46 36 42 36 51 43 
Non-U.S. citizens, temporary visas ........... 165 149 139 186 192 209 232 238 272 302 = 304 
Computer science ............... cece eee eee. 121 210 218 #232 220 266 295 310 399 450 514 
Non-U.S. citizens, permanent visas ........... 5 12 13 20 12 27 17 24 47 32 42 
Non-U.S. citizens, temporary visas ........... 26 32 43 40 59 72 89 89 123 143 174 
Environmental sciences ...................... 623 646 628 5863 #657 #+637 #«+614 #«+617 #3889 628 726 
Non-U.S. citizens, permanent visas ........... 22 34 26 16 29 30 25 32 24 25 30 
Non-U.S. citizens, temporary visas ........... 68 71 80 85 81 106 106 119 106 125 137 
Life SCIENCES .... 16. cece cece e ees 4,369 4,501 4,715 4,786 4,844 4,756 4877 4902 4806 4,813 5,121 
Non-U.S. citizens, permanent visas ........... 185 161 186461590 sis 140—ti—«=1H0:—ia14”~—té—«*d1H''i(‘<‘édS = 208B—Cts«é28!2. 
Non-U.S. citizens, temporary visas ........... 559 562 592 613 603 629 675 #779 #«=«3711 780 §8=6898 
isha bind bhnneeegensesceoscrecees 3,055 3,091 3,096 3,356 3,159 3,347 3,257 3,117 3,124 3,177 3,058 
Non-U.S. citizens, permanent visas ........... 54 45 50 47 47 64 51 59 65 59 59 
Non-U.S. citizens, temporary visas ........... 61 73 71 80 65 79 88 81 81 85 84 
Social sciences 2... cece eee 3,008 2,864 2,796 2,791 2690 2,666 2,608 2607 2,746 2,580 2,579 
Non-U.S. citizens, permanent visas ........... 149 137 148 #4143 «869180 0 6«6©1210 «6146 «61414 156 187 156 
Non-U.S. citizens, temporary visas ........... 472 489 441 504 515 524 566 615 633 599 656 
Total engineering ... 0.2... 2,423 2,490 2479 2528 2,646 2,781 2,913 3,166 3,376 3,712 4,190 
Non-U.S. citizens, permanent visas ............. 326 322 299 1301 26 6319 274 315 343 355 36 
Non-U.S. citizens, temporary visas ............. 768 815 #851 942 1,030 1,170 1,269 1419 1,372 1,532 1,723 
SOURCE: NSF, Division of Science Resources Studies 
See figure 2-8 
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Appendix table 2-14. S/E Ph.D.s of U.S. citizens, by field and gender: 1975-88 


1975 1976 1977 1978 1979 1980 1981 1982 19683 1984 1985 1986 1987 1988 
Total, alifields ........... 27,081 27,269 26,119 25,291 25,464 25,221 25,061 24,388 24,358 24,026 23,363 23,081 22,991 23,172 
a 20,662 20,427 19,155 17,936 17,580 16,875 16,360 15,559 15,119 14,729 14,217 13,633 13,581 13,667 
Female ............... 6,419 6642 6,964 7,355 7,884 68346 8,701 8829 9,239 9,297 9,146 9,448 9,410 9,505 
Total non-S/E ............ 13,066 13,496 12,712 12,205 12,207 12,042 11,763 11,366 11,255 11,049 10,687 10,466 10,428 10,325 
Md d-<6esepecceeess 9,056 9,189 8,376 7,642 7,367 6,967 6,476 6,071 5,852 5612 5360 4,982 5,015 4,934 
Female ............... 4,008 4307 4336 4,563 4,840 5,075 5,287 5295 5,403 5,437 5,327 5,484 5,413 5,391 
TotaiS/E ............... 14,015 13,773 13,407 13,066 13,257 13,179 13,298 13,022 13,103 12,977 12,676 12,615 12,563 12,847 
ES 11,604 11,238 10,779 10,294 10,213 9,908 9,684 9,488 9,267 9,117 8,857 8,651 8566 68,733 
Female ............... 2.411 2,535 2,628 2,792 3,044 3,271 3,414 3,534 3,836 3860 3,819 3,964 3,997 4,114 
Total science ............ 12,299 12,216 11,935 11,825 11,964 11,924 12,128 11,853 11,940 11,736 11,397 11,232 11,005 11,069 
hans eceecedh ees 9,920 9,715 9,349 9,063 8959 8717 8,767 8393 8,187 7,966 7,697 7,410 7,157 7,133 
Female ............... 2,379 2,501 2,566 2,762 3,005 3,207 3,361 3,460 3,753 3,772 3,700 3,822 3,848 3,936 
Physics ............... 925 911 833 804 800 715 721 706 709 739 698 694 699 721 
Male ............... 880 879 792 775 756 670 676 651 658 685 636 638 634 664 
Female ............. 45 32 41 29 44 45 45 55 51 54 62 56 65 57 
Chemistry ............. 1,392 1,264 1,238 1,174 1,240 1,169 1,235 1,285 1,355 1,332 1,345 1,320 1,381 1,373 
0 Ser 1,264 1,129 1,108 1,025 1,070 964 1,056 1,076 1,121 1,083 1,084 1,044 1,085 1,067 
Female ............. 128 135 129 149 170 185 179 209 234 249 261 276 296 306 
Environmental sciences 492 506 559 518 §32 512 472 526 483 474 442 422 425 507 
rr rrr 462 458 §12 464 482 456 425 436 402 378 354 344 342 392 
Female ............. 30 50 47 54 50 56 47 92 81 96 88 78 83 115 
Mathematical sciences 848 748 690 619 552 520 482 458 411 407 376 366 345 341 
CL cies eugene obs 761 663 603 528 460 447 402 386 335 333 306 297 280 282 
Female ............. 87 85 87 91 92 73 80 72 76 74 70 69 65 59 
Computer sciences ..... 0 0 24 85 163 156 168 143 180 178 189 202 243 284 
Be re 0 0 20 78 137 137 148 126 153 153 165 165 193 245 
Female ............. 0 0 4 7 26 19 20 17 27 25 24 37 50 39 
Life sciences .......... 3,473 3,497 3,396 3,522 3,674 3,849 3,891 3,964 3,659 3,910 3,829 3,704 3,568 3,658 
End ws né6eeeteoes 2,760 2,804 2,702 2,744 2,814 2,871 2,659 2651 2668 2,773 2,678 2,513 2,375 2,373 
Female ............. 713 693 694 778 860 978 1,032 1,113 1,171 1,137 1,151 1,191 1,193 1,285 
Psychology ............ 2,552 2,727 2,774 2,804 2,850 2,859 3,111 2876 3,044 2935 2,805 2,766 2,752 2,641 
er 1,746 1,832 1,767 1,770 1,7 ‘97 1,746 1,556 1,576 1,440 1,396 1,330 1,262 1,179 
Female ............. 806 895 1,007 1,034 1,1: <« 1,365 1,320 1,466 1495 1,409 1,436 1,490 1,462 
Other social sciences 2,617 2561 2,421 2,299 2,153 2,144 2,048 1893 1,899 1,763 1,713 1,758 1,592 1,544 
er 2,047 1950 1,644 1,679 1,540 1,515 1,455 1,311 1,254 1,121 1,078 1,079 986 931 
Foma@le ............. 570 611 577 620 613 629 593 562 645 642 635 679 606 613 
Engineering ............. 1,716 1,557 1,472 1,261 1,293 1,255 1,170 1,169 1,163 1,239 1,279 1,383 1,558 1,778 
ES 1,664 1523 1,430 1,231 1,254 1,191 1,117 1,085 1,080 1,151 1,160 1,241 1,409 1,600 
Female ............... 32 34 42 30 39 64 53 74 83 88 119 142 149 178 
SOURCE: NSF, Division of Science Resources Studies. 
See figure 2-9 
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Appendix table 2-15. Ph.D.s by citizenship, selected racial/ethnic group, and gender: 1975-88 


1975 1976 1977 1978 1979 1980 1981 1982 1963 1964 1985 1966 1987 19868 
Total U.S. citizens 
SE Ph.D.s ............ 14,015 13,773 13,407 13,066 13,257 13,179 13,298 13,022 13,103 12,977 12,676 12,615 12,563 12,847 
Male ............... 11,604 11,238 10,779 10,294 10,213 9,908 9,884 9,488 9,267 9,117 8857 8651 8566 8,733 
Female ............. 2,411 2535 2628 2,792 3,044 3,271 3,414 3,534 3,836 3,860 3,819 3,964 3,997 4,114 
Non-S/E Ph.D.s ........ 13,066 13,496 12,712 12,205 12,207 12,042 11,763 11,366 11,255 11,049 10,687 10,466 10,426 10,325 
Pr 9,058 9,189 8376 7,642 7,367 6,967 6,476 6,071 5852 5612 5360 4,962 5,015 4,934 
Female ............. 4,008 4,307 4,336 4,563 4,840 5,075 5,287 5,295 5403 5,437 5,327 5,484 5,413 5,391 
White U.S. citizens 
S/E Ph.D.s ............ 12,837 12,586 12,100 11,484 11,601 11,647 11,873 11,804 11,866 11,684 11,424 11,406 11,260 11,559 
i ace suesnscesees 10,621 10,266 9,729 9,048 8,944 68,763 8835 8638 8434 8223 8023 7,844 7,704 7,845 
Female ............. 2,216 2,320 2,371 2436 2,657 2,684 3,038 3,166 3,432 3,461 3,401 3,562 3,556 3,714 
Non-S/E Ph.D.s ........ 11,515 11,787 10,965 10,327 10,319 10,346 10,107 9,872 9,833 9,665 9,333 9,220 9,210 9,126 
as cece negne 8,015 8105 7,282 6525 6317 6,085 5624 5349 5,175 4,947 4,782 4,459 4,468 4,451 
Female ............. 3,500 3,682 3,683 3,802 4,002 4,261 4,483 4523 4658 4,718 4,551 4,761 4,742 4,675 
Black U.S. citizens 
SE Ph.D.s ............ 240 246 265 278 288 #261 #273 270 #269 «#£=$5282 #260 238 j%222 ~ 231 
Male ..............-. 176 161 181 175 172 139 152 150 142 145 141 119 109 127 
Female ............. 64 85 8 103 116 122 38121 120 127 137 119 119 113 104 
Non-S/E Ph.D.s ........ 759 849 #851 755 768 771 740 777 #424653 ~~ 671 652 585 545 574 
SPP 474 491 503 409 379 30 x7 333 #=+271 ##+&22 238 203 206 184 
Female ............. 2065 358 ClO HBC GC‘ GC 398 444 362 389 414 362 337 #£«®9390 
Hispanic U.S. citizens 
SE Ph.D.s ............ 128 6116 «69159 0 €=6=©61600=Ss_(«1173 166 191 219 221 250 237 264 293 319 
ME £36 c0¥se0escces 113 104 130 120 126 121 135 157 128 171 144 168 169 196 
Female ............. 1§ 12 29 40 47 45 56 62 93 79 93 96 124 #123 
Non-S/E Ph.D.s ........ 175 224 264 313 269 246 273 316 318 286 324 38 326 £275 
ee 129 149 180 197 182 1385 140 187 160 143 156 135 164 #125 
Female ............. 46 75 84 116 107 111 133 129 1568 143 4168 4 #4173 162 ~ #8 150 
Asian U.S. citizens 
SE Ph.D.s ............ 192 240 246 275 31 323 327 318 341 #380 #£«371 394 440 441 
BT cko<ebectcccoes 1668 1939 196 217 236 237 244 218 233 267 #=259 «261 317 8 331 
Female ............. 34 47 50 58 65 86 88 100 1080 113 112 113 123 110 
Non-S/E Ph.D.s ........ 94 94 93 11§ 127 135 138 134 151 132 145 137 102 171 
 chbsisunesecses 64 51 55 70 75 76 71 63 79 71 70 67 52 82 
Female ............. 30 43 38 45 52 59 67 71 72 61 75 70 50 89 
Foreign citizens, permanent 
residents (both genders) 
S/E Ph.D.s .......... 1246 1,078 979 970 927 935 876 834 877 817 899 969 1,064 1,095 
Non-S/E Ph.D.s ...... 468 416 369 374 393 356 405 394 3968 407 425 463 514 # 516 
Foreign citizens, temporary 
residents (both genders) 
S/E Ph.Ds .......... 2,742 2,675 2,601 2,506 2606 2,643 2,892 3,051 3,328 3,609 3,960 4,056 4,364 4,838 
Non-S/E Ph.D.s ...... 794 854 847 915 981 1,001 1,048 1,153 1,171 1,221 1,269 1,219 1,245 1,338 


_ Appendix table 2-16. Enrolment and source of support of full-time S/E graduate students in doctorate-granting 


institutions, by field: 1960-88 

Field and source of support 1980 1981 1982 1963 1964 1985 1986 1987 1988 
Total science and engineering ........ 208,232 212,083 216,012 223,135 224,701 227,486 236,748 240,966 245,463 
EE 44,755 43,244 41,086 41,801 41,911 42,794 45,258 46,925 48,749 
institutional support .............. 82,278 85,947 88632 91,340 94,716 96,590 101,784 104,539 107,326 
Other outside support............. 19,869 21,125 22,360 22,839 22,895 24,731 24,870 23,485 24,186 
Sell-support ..................5. 61,330 61,767 63,934 67,155 65,179 63,371 64,836 66,017 65,202 
Total science ..................... 166,293 167,266 167,325 170,445 170,727 172,669 177,717 180,614 183,807 
DRE sascccecccedeeses 33,648 32,321 30,081 29,898 30,409 31,611 32,950 33,905 34,927 
institutional support .............. 69,644 71,847 73,463 75,226 77,609 78,444 81,762 83,503 86,016 
Other outside support............. 13,717 14,243 14,723 14,898 14,369 15,232 14,820 13,956 14,340 
Sell-cupport .................... 49,284 48,855 49,058 50,423 48,340 47,382 48,185 49,250 48,524 
Physical sciences ................ 22,254 22,600 23,330 24,502 25,147 25,938 27,069 27,652 27,832 
Dctieceeencccecceccecee 7,655 7,899 7,644 8,050 8,551 8,723 9,434 9,616 9,750 
institutional support ............ 11,928 11,924 12,581 13,166 13,281 13,536 14,013 14,408 14,473 
Other outside support ........... 1,307 1,416 1,740 1,688 1,791 2,046 1,907 1,833 1,959 
Self-support .................. 1,364 1,361 1,365 1596 1,524 1,633 1,715 1,795 1,650 
Environmental sciences ........... 10,265 10,491 10,873 11,497 11,266 10,871 10,862 10,097 9,893 
ee 3,369 2,965 2,808 2,831 2,811 2,933 3,014 2,855 2,771 
institutional support ............ 3,648 3,916 4,097 4,073 4,177 3,975 4,192 4,043 4,146 
Other outside support........... 1,042 1,129 1,199 1,256 1,222 1,375 1,162 968 1,003 
Sell-support .................. 2,206 2481 2,769 3,337 3,056 2,568 2494 2211 1,973 
Mathematical sciences ............ 9,368 9,680 10,174 10,316 10,613 11,160 11,727 12,364 12,791 
0 ere 842 782 802 747 755 930 992 1,064 1,160 
instiuaional support ............ 6,340 6,457 6,827 7,120 7,389 7,758 8,170 8,506 8,783 
Other outside support ........... 519 526 536 507 626 543 567 536 594 
Sell-support .................. 1,667 1915 2009 1,942 1,643 1,929 1978 2238 2,254 
Computer science ............... 5,900 6465 7,908 9,276 10,108 12374 13,389 13,639 13,811 
Cette Anascedédscocsccecs 879 944 973 1,045 1,215 1,568 1,818 2,022 2,153 
institutional support ............ 1,961 2,314 2,579 3,073 3,486 4,084 4,315 4,750 4,898 
Other outside support ........... 602 596 670 689 705 1,261 1,424 1,115 1,151 
Self-support .................. 2,458 2,609 3,686 4,469 4,702 5,461 5,832 5,752 5,609 
Agricultural sciences ............. 9,591 9630 9500 9420 9323 8721 8852 8611 8677 
DMs esbb estes sccccesoce 1,778 1,710 1,654 1,510 1,346 1,502 1,600 1,660 1,663 
institutional support ............ 3,359 3,448 3,444 3,576 3,821 3,369 3,529 3,479 3,423 
Other outside support ........... 2,023 2,116 2,008 2,090 1,942 1,852 1,742 1,582 1,702 
Self-eupport .................. 2,431 2,356 2,304 2244 2214 1,996 1,981 1890 1,889 
Biological sciences ............... 35,617 35,454 35,226 36,234 35,688 35,696 36,609 37,223 36,235 
DU hebeweseccccscccocscce 10,725 10,505 10,055 10,171 10,333 10,630 11,069 11,827 12,444 
institutional support ............ 15,546 15,674 15,796 15,869 16,403 16,367 17,006 17,077 17,380 
Other outside support ........... 2,731 2,746 3,053 3,172 3,068 3,244 3,050 3,173 3,492 
Self-support .................. 6,815 6529 6322 6022 5864 5455 5464 5146 4,919 
PE cS bevecccccccccvccess 21,580 21,544 21,103 22,150 21,601 21,341 21,997 22,567 23,360 
PDA pédddcsccccccccccces 3,189 2,895 2,283 1,980 1,942 1,958 1,894 1,932 2,045 
instiusional support ............ 7,869 8,614 8,557 8,784 9,219 9,518 9,917 9,853 10,263 
Other outside support ........... 1,438 1,505 1,377 1,316 1,325 1,326 1,334 1,214 1,007 
Self-support .................. 9,084 8,530 8,886 10,070 9,115 8,539 8,852 9,568 10,045 
Social sciences ................. 51,518 51,402 49,211 48,050 46,981 46,568 47,212 48,461 49,206 
PE bebe cenesevcessccescce §,211 4,621 3,862 3,564 3,456 3,367 3,129 2,909 2,941 
institutional support ............ 18,993 19,500 19,562 19,565 19833 19,837 20,620 21,387 22,650 
Other outside support........... 4,055 4207 4140 4180 3670 3,565 3614 3515 3,492 
Self-eupport .................. 23,259 23,074 21,627 20,741 20,022 19,779 19,849 20,650 20,185 
Total engineering .................. 41,939 44817 48,687 52,690 53,974 54,817 59,031 60,352 61,656 
Sitti nbbbessecccccceccess 11,107 10,923 11,005 11,903 11,502 11,183 12,308 13,020 13,822 
institutional support .............. 12,634 14,100 15,169 16,114 17,107 18,146 20,022 21,036 21,310 
Other outside support............. 6,152 6,882 7,637 7,941 8,526 9,499 10,050 9,529 9,846 
Sell-support ..................5. 12,046 12,912 14876 16,732 16839 15,989 16,651 16,767 16,678 
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Appendix table 2-17. Full-time S/E graduate students in doctorate-granting institutions, by field and 


type of major support: 1960-88 

Field and type of major support 19860 1981 1982 1983 1984 1985 19866 1987 1988 
Total science and engineering ........ 206,232 212,083 216,012 223,135 224,701 227,486 236,748 240,966 245,463 
Fellowships and traineeships ....... 30,867 29,962 29275 29275 29483 30,137 30,792 30,189 31,191 
Research assistantships .......... 49333 530469 50,335 52590 55,097 56,171 63,141 66,887 70,825 
Teaching assistantships ........... 49878 51851 53997 55,762 56884 57,703 56576 56938 59,410 
Other types of support ............ 16,824 18,034 18,471 18,361 18,058 18,104 19,403 18,935 18,835 
Sell-eupport .................... 61.330 61,767 63,934 67,147 65,179 63,371 64836 66,017 65,202 
Total science ..................... 166,283 167,266 167,325 170,445 170,727 172,669 177,717 180,614 183,807 
Fellowships and traineeships ....... 26,264 24930 23,859 23,780 23,967 24,652 25,099 24692 25,813 
Research assistantships .......... S405 3075 S740 37,051 36,911 40343 42,781 44882 47,497 
Teaching assistaniships ........... 42633 43,696 45045 45896 46557 47,157 47,661 48,028 48,505 
Other types of support ............ 12,707 13,710 13,623 13,301 12,952 13,135 13,991 13,762 13,468 
Sell-cupport .................... 49,284 48855 49,056 50,415 48340 47,362 48,185 49,250 48,524 
Physical sciences ................ 22,254 22600 23,330 24502 25,147 25,938 27,069 27,652 27,832 
Fellowships and taineeships ..... 2,183 2,237 2,285 2,288 2,413 2,301 2,376 2,326 2,356 
Research assistaniships ......... 8,258 8,524 8,683 9,060 9517 10,174 10,896 11,455 11,862 
Teaching assistaniships ......... 9,894 1,976 10,361 10,904 10,977 11,119 11,324 11,413 11,238 
Other types of support .......... 555 502 636 652 716 711 758 663 726 
Self-eupport .................. 1,364 1,361 1,365 1,598 1,524 1,633 1,715 1,795 1,650 
Environmental sciences ........... 10,265 10,491 10,873 11,497 11,266 10,871 10,862 10,097 9,893 
Fellowships and traineeships ..... 1,107 1,095 1,140 1,130 1,107 1,131 974 896 899 
Research assistantships ......... 3,664 3,402 3,265 3,481 3,506 3,668 3,786 3,619 3,820 
Teaching assistanishire ......... 2,563 2,541 2,737 2,752 2,743 2,533 2,539 2,397 2,436 
Other types of support .......... 725 972 962 797 854 951 1,069 974 765 
Sell-eupport .................. 2,206 2,481 2,769 3,337 3,056 2,588 2,494 2,211 1,973 
Mathematical sciences ............ 9,368 9680 10,174 10316 10613 11,160 11,727 12,364 12,791 
Fellowships and traineeships ..... 891 799 788 800 901 992 1,032 1,030 1,117 
Research assistaniships ......... 773 732 822 776 846 969 1,012 1,072 1,166 
Teaching assistaniships ......... 5,373 5,536 5,817 6,140 6,325 6,545 6,897 7,207 7,341 
Other types of support .......... 664 696 738 656 696 725 808 817 913 
Self-eupport .................. 1,667 1,915 2,009 1,942 1,843 1,929 1,978 2,238 2,254 
Computer science ............... 5,900 6,465 7,908 9,276 10,108 12,374 13,389 13,639 13,811 
Fellowships and traineeships ..... 367 473 463 524 612 807 893 837 870 
Research assistaniships ......... 1,023 1,068 1,151 1,367 1,562 2,017 2,284 2,782 2,964 
Teaching assistaniships ......... 1,409 1,742 1,955 2,311 2,646 3,084 3,109 3,258 3,320 
Other types of support .......... 643 573 653 613 566 1,005 1,271 1,010 1,028 
Self-eupport .................. 2,458 2,609 3,686 4,461 4,702 5,461 5,832 5,752 5,609 
Agricultural sciences ............. 9,591 9,630 9,500 9,420 9,323 8,721 8,852 8,611 8,677 
Fellowships and traineeships ..... 772 793 779 759 666 657 636 543 507 
Research assistantships ......... 4,484 4,647 4,558 4,509 4,608 4,306 4,590 4492 4,438 
Teaching assistaniships ......... 888 805 883 879 837 824 752 730 832 
Other types of support .......... 1,016 1,029 886 1,029 998 936 956 1,011 
bdGeaeedeocecececces 2,431 2,356 2,394 2,244 2,214 1,996 1,961 1,890 1,889 
Biological sciences ............... 3817 3454 86226 B24 32,6668 3,696 36,609 37223 38,235 
Fellowships and traineeships ..... 8,160 7,967 7,845 7,946 7,995 8,194 8,437 8,695 8,928 
Research assistaniships ......... 9,545 9,801 9,774 10,023 10,797 11,123 11,977 12,829 13,935 
Teaching assistantships ......... 9,120 9,037 9,155 8,972 8,918 8,913 8,605 8,320 8,255 
Other types of support .......... 2,177 2,120 2,130 2,271 2,114 2,011 2,106 2,233 2,198 
Self-eupport .................. 6,815 6,529 6,322 6,022 5,864 5,455 5,484 5,146 4,919 
Psychology .................005- 21,580 21,544 21,103 22,150 21,601 21,341 21,997 22,567 23,360 
Fellowships and traineeships ..... 3,447 3,167 2,915 2,546 2,635 2,769 2,603 2,553 2,570 
Research assistaniships ......... 2,342 2,664 2,510 2,669 2,759 2,864 2,884 2,979 3,480 
Teaching assistantships ......... 4,424 4,604 4,550 4,633 4,660 4,797 4,966 5,009 5,145 
Other types of support .......... 2,283 2,579 2,242 2,232 2,432 2,372 2,672 2,458 2,120 
Self-support .................. 9,064 8,530 8,886 10,070 9,115 8,539 8,852 9,568 10,045 

(continued) 


Field and type of major support 1980 1981 1982 1983 1984 1985 1966 19867 1968 
Social sciences ..........------- 51518 51402 49211 48,050 46,981 46,568 47,212 48,461 49,208 
Fellowships and traineeships ..... 9,337 8,399 7,644 7,787 7,638 7,801 8,148 7,812 8,566 
Research assistantships ........- 5,316 5,237 4,377 5,166 5,296 5,222 5,352 5,654 5,812 
Teaching assistantships ......-.- 8,962 9,455 9,567 9,307 9,451 9,342 9,449 9,694 9,938 
Other types of support .........- 4.644 5,237 5,376 5,049 4,574 4,424 4,414 4,651 4,707 
Sell-support ..........-------- 23,259 23,074 21,627 20,741 20,022 19,779 19,849 20,650 20,185 
Total engineering ......-.---------- 41,939 44817 46687 52,690 53,974 54817 59,031 60,352 61,656 
Fellowships and traineeships ..... . - 4,603 5,032 5,416 5,495 5,516 5,485 5,693 5,497 5,378 
Research assistantships .......... 13,928 14394 14,595 15,539 16,186 17,828 20,360 22,005 23,328 
Teaching assistantships ..........- 7,245 8,155 8,952 9,864 10,327 10,546 10,915 10,910 10,905 
Other types of support ..........-- 4,117 4,324 4,848 5,060 5,106 4,969 5,412 5,173 5,367 
Sell-csupport .........----------- 12,046 12912 14876 16,732 16,839 15,969 16,651 16,767 16,678 


Appendix table 2-18: Federal support of graduate S/E students, by selected Federal agency and type of support: 1980-88 


Type and source of major support 1960 1961 1962 1963 1964 1985 1966 1987 1988 
Total, all types 
Total Federal ................... 52939 50897 47,206 47,333 47476 48716 51,060 53,093 54852 
in. copcesoceesodeeeses 5,239 5,647 5,861 6,884 7,049 7,230 7,852 8,685 9,309 
DT pi nncascet6eeeee eee 19,377 18,018 16,040 15,007 15,140 15,898 16,417 17,176 17,867 
iii. + <cacsesepeeeees 11,560 11,283 10,860 10,823 10,996 11,130 11,892 12,971 13,784 
OtherHHS ................. 7,817 6,735 5,180 4,184 4,144 4,768 4,525 4,205 4,083 
Miiictteesncsedeetcoecees 9,243 9,064 9,207 9,474 9,806 10,151 10,810 11,193 11,556 
All other Federal ............... 19,080 18148 16,096 15,968 15,481 15,437 15,981 16,039 16,120 
Total Federal ................... 4,634 4,112 4,183 4,101 4,060 4,360 4511 4,378 4,538 
ti nedeséucgocecessess 255 182 201 257 238 262 295 353 359 
Total HHS ..............--.... 1,247 1,024 904 813 809 877 822 869 889 
iiitnnacecseaceceoueces 777 720 656 575 612 636 654 706 728 
OtherHHS ................. 470 304 248 238 197 241 168 163 161 
Se 1,315 1,247 1,302 1,304 1,343 1,396 1,512 1,483 1,585 
All other Federal ............... 1,817 1,659 1,776 1,727 1,670 1,825 1,882 1,673 1,705 
T 
Total Federal ...............-... 13,608 12632 10,301 9,193 9,011 9,002 8,767 8,921 8,681 
DEK. 4 ceencéuepGaheneoe? 70 80 3 739 75 53 84 139 140 
Ds. cécdcessocecesences 11,427 10,411 8,913 7,744 7,585 7,703 7,439 7,299 7,216 
iid nnnseendeeehens 5,040 4,809 4,715 4,530 4,359 4,143 3,963 4,261 4,195 
EE <cccsécedceseeeee 6,387 5,602 4,198 3,214 3,226 3,560 3,456 3,038 3,021 
193 134 72 47 42 56 27 82 68 
All other Federal ............... 2,118 2,007 1,283 1,323 1,309 1,190 1,217 1,401 1,257 
Research assistantships 
Total Federal ................... 29,066 28940 28025 28,869 29,154 W157 32253 34738 %,334 
itp ccepsecetbecceeeess 2,924 3,280 3,460 3,920 4,052 4,168 4,629 5,565 5,934 
er 5,968 6,011 5,721 5,921 6,269 6,814 7,655 8,405 9,230 
Mithés dscveveesovesece 5,371 5,454 5,206 5,374 5,687 6,058 6,932 7,575 8.446 
OtherHHS ................. 597 557 515 547 562 756 723 784 
lt pcan akseorcceoeeecees 7,604 7,578 7,723 8,030 8,251 8,531 9,070 9.444 9,752 
All other Federal ............... 12,570 12,071 11,121 10,998 10,582 10,644 11,179 11,324 11,418 
Teaching assistantships 
Total Federal ................... 603 549 382 469 383 539 499 439 444 
Dat ééage ciacevédeoedess 0 0 0 0 0 0 0 0 
Total HHS ............2 22 eens, 132 118 102 111 71 96 111 155 138 
iP Mméhient>sesteedsoeseece 82 75 49 74 44 57 82 127 113 
OtherHHS ................. 50 43 53 37 27 39 29 28 25 
it Diirits cake cece geneccces 30 58 24 25 24 43 73 26 55 
All other Federal ............... 44) 373 256 333 288 400 315 258 251 
Other types of support 
Total Federal ................... 4,828 4,664 4,315 4,701 4,868 4,658 4,750 4,617 4,855 
Didnt c¢esanedoeedecece 1,990 2,105 2,167 2,628 2,684 2,747 2.844 2,628 2,876 
Total HHS ..............2000.. 603 454 400 418 406 408 390 448 394 
PCsahbtwinsescebasubéecs 290 225 234 270 294 236 241 302 302 
OtherHHS ...............4.. 313 166 148 112 172 149 146 92 
tt thine bhitnas ¢ebeongeddees 101 67 86 68 146 125 128 158 96 
All other Federal ............... 2,134 2,038 1,662 1,587 1,632 1,378 1,388 1,383 1,489 


DOD = Department of Defense; HHS = Department of Health and Human Services; NIH = National institutes of Health; NSF = National Scence Foundation. 
SOURCE: NSF, Division of Science Resources Studies. 
See figure 2-11. 
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Appendix table 2-19. Academic' doctoral scientists and engineers, by age 


and field: selected years 
Age (years) 
Under 
Field Yeas Number 3 DS 449 5059 60+ 
Percent 
Total scientists andengineers.. 1977 157,068 34 411 26 190 69 
1981 1792244 25 35 322 D7 31 
1983 187554 18 314 MB 216 103 
1985 202019 16 D3 B77 210 113 
1987 209381 12 2777 30 24 115 
Total scientists .............. 1977 141373 35 #6 29S 168 7.1 
1981 161247 26 3%4 36 2.1 9.3 
1983 16735 18 20 HMA 213 104 
1985 18055 15 D7 BO W4 113 
1987 185746 12 20 376 217 113 
Physical scientists ......... 1977 25556 42 4414 W7 68 69 
1981 26706 34 %D5 M5 WE 110 
1983 26453 25 2244 38 26 118 
1985 262206 22 2833 32 27 126 
1967 26723 18 2320 38 2&8 124 
Mathematical scientists ..... 1977 11,781 45 46 279 132 57 
1981 12274 3.1 S30 33 66 7:0 
1983 1277 22 22 423 1991 8&2 
1985 13027 28 234 #1 22 95 
1987 13031 27 247 3%35 29 932 
Computer specialists ....... 1977 21148 46 522 279 134 139 
1981 294 30 44 36 15 45 
1963 390 21 48 320 13.1 6.9 
1965 514 19 38 @3 129 60 
1987 5439 16 26 474 16 58 
Environmental scientists 1977 612 15 41 34 83 £56 
1981 6613 3.1 33 #377 +1178 81 
1983 6519 18 33 HE 212 10.1 
1965 70897 13 BME ME Bi 102 
1987 737% 18 278 F773 B33 97 
Life scientists ............. 1977 45663 35 417 278 96 73 
1981 54437 29 35 25 197 84 
1983 57315 19 MS 2B D7 96 
1985 61,708 14 2%0 M5 199 102 
1967 647% 09 324 S7 BWA 105 
Psychologists ............. 1977 16572 5.1 4119 20 193 57 
1981 190% 29 416 279 2.1 74 
1983 19377 15 378 BW5 216 84 
1985 21493 15 S66 316 197 105 
19867 22012 10 29 S68 216 115 
Social scientists ........... 1977 33533 22 3%i 25 212 89 
1981 3931499 13 38 HNH2 22 115 
1983 40966 1.1 25 341i 25 127 
19868 4377 09 272 Bi 21 137 
1987 44422 07 22 49 25 134 
Total engineers ............. 1977 15715 18 %2 %0 211 49 
1981 17977 12 274 378 BS 78 
1983 20,249 2.1 2.1 22 20 97 
1965 21514 22 276 Bi B82 119 
1987 2363 16 283 23 20 i128 
‘inctudes individuals employed in 4-yeer colleges and universites only. 
Note: Percentages will not add to 100 because “no report” is omitted. 
SOURCE: NSF , Division of Science Resources Studies, unpublished tabulations. 
See table 2-3 in text. 
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Appendix table 2-20. Academic doctoral scientists and engineers, by primary work activity and field: selected years 


Research and development 
Basic Applied 

Froid Total Total research research Development of R&D ‘Teaching Consuling Other 
Total scientists andengineers ... 1981 179,224 52450 37,746 13,689 1,015 4,363 99,247 772 #822382 
1983 187,554 54536 39,443 13,504 1,509 3,021 100,452 684 28,861 

1985 202.019 60550 43579 15,653 1,318 3,937 103,652 1204 32676 

1987 209384 73227 48403 24013 811 3,892 101,835 4799) 28,51 

Total scienfists ............... 1981 161247 48334 36,167 11,344 623 3,440 88,787 S62 20,124 
1983 167,305 49318 37.210 11,138 970 2,349 89,233 618 2,787 

1985 160,505 55,377 41,194 13,269 914 2,869 91,761 1064 204% 

1987 185,746 65,439 45893 19,067 459 2,583 90,370 452 26,902 

Physical scienfists .......... 1981 267806 9,704 7,795 £1,650 29 14,118 53 2,063 
1983 26453 9334 7510 1,551 273 680 13,044 3 3,182 

1985 28206 10695 8703 1,745 247 875 13,545 14 3,077 

1987 26729 113931 9,160 2566 205 782 13,535 4s 2,436 

Mathematical scienfists ...... 1981 12274 2015 1,631 319 21 44 9,152 3 1,077 
1983 12770 2,051 1,659 348 44 57 9,214 73 1,369 

1985 13027 2396 2,069 304 3 73 8,904 119 1535 

1987 13031 2983 2660 321 2 3 8.735 8 1272 

Computer specialists ........ 1981 2,954 369 181 23 78 1,469 63 521 
1983 3905 1,010 488 211 311 61 2.117 3 684 

1985 5124 1,382 744 337 311 89 2.629 68 946 

1987 5439 1,501 865 561 75 105 2.681 27 1,125 

Environmental scientists ..... 1981 6613 2378 1,660 642 76 376 3,436 0 423 
1983 6519 2319 1,755 564 0 3,250 13 684 

199858 707 2,701 1,940 721 40 350 3,231 23 TR 

1987 7375 3258 2,166 1,075 18 224 3,256 6 630 

Lille ocierfiets .............. 1981 54437 25,788 20,156 5,509 123 1,214 20,400 151 6.804 
1983 57,315 26526 21,078 5223 225 756 20,805 311 8,917 

1985 61,788 29,105 22,749 6,104 22 1,008 20,676 32 10,657 

1987 64738 34,059 24377 9,567 115 966 19,863 9,580 

Psychologists .............. 1981 19034 3237 209 1,116 26 282 11,620 119 3,776 
1983 19377 3104 2040 1,040 24 113 11,478 121 4,561 

1985 21499 3556 2074 1447 3 125 11,953 3235 5,534 

1987 22012 4213 2547 1633 3 150 12,606 81 4,962 

Social scienfists ............ 1981 39,149 4433 2441 1,927 65 618 28,592 146 5,360 
1983 40966 4974 2680 2201 93 219 28,325 58 6,390 

1985 43770 5532 26895 2611 26 3x49 K Rerxy 173 6,893 

1987 44422 7493 4,118 3,364 11 303 29,674 65 6,887 

Totalengineers .............. 1981 17977 4116 1579 2345 192 923 10,460 210 2.268 
1983 20249 5218 2233 244 539 672 11,219 66 3,074 

1985 21514 5173 2385 2384 404 1,068 11,891 140 3,242 

1987 23,638 7,788 2510 43926 32 1,309 11,465 27 3,049 


SOURCE : NSF, Division of Science Resources Studies, unpublished tabultasions. 


Appendix table 2-21. Academic doctoral scientists and engineers who teach, by field and rank: selected years 
Associate Assistant 
Field Year Total Professor professor professor Instructor Other No report 
Total scientists and engineers ...... 1981 130,597 57,295 38,257 28,714 1,237 4,133 326 
1983 135,990 62,358 40,789 26,529 745 4,171 1,398 
1985 143,360 64,103 41,265 29,110 1,453 6,550 879 
1987 156,739 72,543 44,282 30,483 1,129 7,665 637 
Total scientists .................. 1981 117,417 50,089 34,577 26,774 1,237 3,831 326 
1983 121,088 54,311 36,557 24,267 743 3,918 1,292 
1985 127,583 56,228 37,181 25,965 1,451 6,005 753 
1987 139,139 62,843 40,041 27,432 1,095 7,145 583 
Physical scientists ............. 1981 18,423 9,938 4,745 2,701 134 686 61 
1983 17,656 10,546 4,074 2,281 102 521 132 
1985 18,749 10,677 4,100 2,669 229 947 127 
1987 20,252 11,824 4,365 2,752 81 1,136 74 
Mathematical scientists ......... 1981 10,804 4,924 3,377 2,125 160 177 25 
1983 11,289 5,295 3,523 2,148 115 132 76 
1985 11,567 5,702 3,136 2,292 142 230 65 
1987 12,052 6,067 3,094 2,394 157 333 7 
Computer scientists ............ 1981 1,950 579 717 549 30 54 0 
1983 2,559 842 898 688 5 117 9 
1985 3,619 1,009 1,276 1,039 46 247 2 
1987 3,983 1,055 1,523 1,168 17 213 7 
Environmental scientists ........ 1981 4,416 1,972 1,319 1,034 6 79 0 
1983 4,505 2,073 1,291 957 4 129 51 
1985 4,550 2,251 1,227 915 26 117 14 
1987 5,168 2,327 1,371 1,147 20 286 17 
Life scientists ................. 1981 33,893 13,278 10,248 8,140 535 1,528 89 
1983 35,415 14,911 10,693 7,497 258 1,669 387 
1985 35,956 14,683 11,038 7,437 423 2,197 178 
1987 42,391 18,296 12,085 8,711 511 2,488 300 
Psychologists ................. 1981 14,902 5,779 4,346 3,876 101 584 100 
1983 14,956 6,157 4,822 3,195 110 429 243 
1985 16,029 6,649 4,826 3,328 252 822 152 
1987 17,166 7,518 5,157 3,372 126 911 82 
Social scientists ............... 1981 33,029 13,619 9,825 8,349 271 723 51 
1983 34,708 14,487 11,256 7,501 149 921 394 
1985 37,113 15,257 11,578 8,285 333 1,445 215 
1987 38,127 15,756 12,426 7,688 183 1,778 96 
Total engineers ................. 1981 13,180 7,206 3,680 1,940 0 302 0 
1983 14,902 8,047 4,232 2,262 2 253 106 
1985 15,777 7,875 4,084 3,145 2 545 126 
1987 17,600 9,700 4,241 3,051 34 520 54 


SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 


Appendix table 3-1. Total and scientist/engineer employment by industry: 1980, 1968, and projected to 2000 


Number of jobs Annual rate of change 
Projected 2000 
industry 1960 1968 Low Mid High 1980-88 1988-2000' 
Thousands Percent ——— 
Total private 
Alloccupations ................. cece eens 65,812 77,102 78,624 83,655 88,808 2.0 0.7 
All science/engineering .................... 1,366 1,858 2,305 2,483 2,650 3.9 2.4 
ee 992 1,275 1,535 1,659 1,774 3.2 2.2 
AeronauticaV/astronautical .............. 27 65 88 95 100 11.6 3.2 
Chemical ............. 02. cece eee eee 45 45 48 52 55 -0.0 1.1 
ee 79 101 106 114 122 3.1 1.0 
ElectricaVelectronics .................. 273 413 532 575 616 5.3 2.8 
Industrial .. 0... 2. cece eee eee 133 125 152 165 177 -0.8 2.3 
Mechanical .............. ccc eee eee 198 208 251 271 290 0.6 2.2 
Other® 2... 237 318 360 388 414 3.7 1.7 
Scientists 0.0... eee eee eee 374 583 770 824 875 5.7 2.9 
Seema cere nceceseevesersesesece 19 34 35 37 39 75 0.9 
Mathematical ...................0000- 45 81 102 109 117 75 2.5 
DS 5 60000500609 000ses seus ee Ges 108 121 117 125 130 1.4 0.2 
Sha on eeennn cee enesgeeeeteres. 26 27 32 35 36 0.3 2.3 
Computer specialists .................. 175 321 484 518 552 7.9 4.1 
Goodse-producing 
Alloccupations .............. cece eee eee 25,658 25,250 23,412 25,159 26,865 -0.2 -0.0 
All science/engineering ................505- 852 1,054 1,220 1,325 1,419 2.7 1.9 
DT Uk ct pit secensoveccecesesenac 686 829 980 1,066 1,142 2.4 2.1 
AeronauticaVastronautical .............. 23 56 76 83 87 11.9 3.2 
TE cAschoceeteesnescecéceeeces 33 36 37 46 43 0.8 1.0 
EAA caine eeeeeeeeawesseeseneees 25 17 16 18 19 49 0.3 
ElectricaVelectronics .................. 168 250 306 334 359 5.1 2.4 
DE acieccresecescesecescresess 123 109 131 143 154 -1.5 2.3 
Mechanical ...........0.. 0c ccc eee eees 137 143 172 187 201 0.5 2.3 
DEE. <spGneeseceseeesecoecasereres 176 218 242 262 280 2.7 1.5 
PR cc ccéecesesessecteceeescpeeee 167 225 240 259 276 3.8 1.2 
Aden eesee ban seseeesneceeeseces 11 20 20 21 22 7.6 0.5 
Mathematical .............. 00. cee eee 13 17 18 19 22 3.6 1.0 
SEE 6 Ci conserccececceccscscesecs 86 80 71 75 78 0.9 -0.6 
Social ........ sab Gane seeasezeenses 1 1 2 3 3 8.6 6.3 
Computer specialists .................. 56 106 130 141 151 8.3 2.4 
Durable goods 
Alloccupations ............. cee eee e eee 12,187 11,437 10,686 11,643 12,547 -0.8 0.1 
All science/engineering ................565. 580 797 961 1,051 1,131 4.1 2.3 
Engineers ... 0.6... ccc eee ee ees 515 683 827 905 972 3.6 2.4 
Aeronautical/astronautical .............. 23 56 76 83 87 11.9 3.2 
EET é:060 80000 eedcccccccosececes 6 8 9 10 10 3.6 1.8 
Athi Coad cnecccessseseesecetecec 5 7 7 7 8 2.5 0.8 
ElectricaVelectronics .................. 154 239 293 320 344 5.6 2.5 
Industrial 2.0... cece eee 107 92 112 123 133 -18 2.4 
Mechanical ............ 0c cece eee ees 102 114 140 153 165 14 2.4 
SET 000. 0.6640060.660006600006600808 118 167 192 210 226 4.4 1.9 
PR ccececcccccececenceeessceeess 65 114 134 147 158 7.4 2.1 
Dd ec dnanneetcesessencesscdccedes 1 4 4 4 4 20.7 0.4 
Mathematical ..............0 5. cece eee 10 16 17 18 20 6.8 1.0 
DEP Gs coVacecesccecceesccusceoes 17 14 14 15 16 -2.7 0.7 
sts bnehaeesesecesatscoseeonves 1 1 1 1 1 3.8 0.9 
Computer specialists .................. 36 80 99 109 117 10.3 2.6 
(continued) 


Number of jobs Annuai rate of change 
Projected 2000 
industry 1980 1988 Low Mid High 1980-88 1988-2000' 
Thousands ——— Percent —— 
Nondurable goods 
Alloccupations .................c ec eeeeee 8,098 7,967 7,206 7,624 8,005 -0.2 0.4 
Ali science/engineering .................... 166 184 200 213 225 1.3 1.2 
nin tee nedane ¥60¥aneee tess 90 97 109 116 122 0.8 1.5 
AeronauticaVastronautical .............. 0 0 0 0 0 3 3 
Chemical ............ ccc eee eee eee 27 27 28 29 31 0.2 0.9 
ON eee 1 2 2 2 2 3.2 0.2 
ElectricaVelectronics .................. 5 7 8 9 9 2.9 2.4 
DT Kctcenschesteevatereesacess 16 1§ 17 19 20 -0.6 1.6 
ET 000 esabeesdoceseestyesece 24 24 27 29 31 0.2 1.7 
PE cteconstatugtcevedsevecencete 17 23 27 29 30 4.0 2.0 
in «ne hoes cage ee 0600esensstsece 75 87 91 97 102 1.9 0.8 
Milnes cng oesekeitegugueenseses 10 16 17 17 18 6.4 0.5 
Mathematical ..............c cece eens 3 1 1 1 2 -14.7 1.1 
PT is ceie cee ooh000egebeageeeres 47 48 46 49 51 0.2 0.1 
atts tinting $6 60nneenesss24eee 0 0 0 1 1 3 3 
Computer specialists .................. 15 22 27 29 31 4.9 2.3 
Mining 
Allocoupations .......... cece eee eee 1,027 721 572 598 621 43 -1.6 
Ali science/engineering .................65. 55 48 33 33 33 -1.6 -3.0 
a 29 27 19 19 20 “1.1 -2.5 
AeronauticaVastronautical .............. 0 0 0 0 0 $ 3 
Chemical .......... cc cece cece eens 1 1 0 0 0 6.0 3 
PRETTY COU TTTTTELITI CTT T ee 1 1 1 1 1 2.8 -2.7 
ElectricaVelectronics .................. 2 1 1 1 1 -10.6 -2.4 
Industrial 2.0... ccc ccc c eee e eee eens 0 1 0 0 0 3 3 
Mechanical ...........cccsce eee eeee 1 2 1 1 1 2.1 -2.6 
SE. 4 6.00¢60040 640090664500 ct 008008 24 21 16 16 16 -1.2 -2.5 
DDS eh Geb ceceeessentixecesecess 26 22 14 14 14 -2.1 -3.6 
DUCK semeaeeaeeecedencedesecesoetes 0 0 0 0 0 3 3 
Mathematical ...............0 ccc eeees 0 0 0 0 0 3 3 
SEED Sd 0 ee bedecccccccseuccccccees 21 18 11 11 11 -2.0 4.2 
ned copebeceececescéceeeecccesre 0 0 1 1 1 3 3 
Computer specialists .................. 4 3 2 2 2 -3.0 -2.6 
Construction 
AlloccupationS .............cccee eee eeeee 4,346 5,125 4,948 5,294 5,692 2.1 0.3 
All science/engineering ...............6065- 53 25 26 28 30 8.9 1.1 
SET 6's Gb06.0000%046 500005 cccceecs 52 24 25 26 28 -9.3 0.8 
AeronauticaVastronautical .............. 0 0 0 4) 0 3 3 
DET 6:4.6.066466 beecenssoccerecece 0 1 1 1 1 3 0.8 
DE OS GCEDECRSHSS Ci cdsecceesccecces 18 8 7 8 9 -9.9 0.3 
ElectricaVelectronics .................. 7 4 4 5 5 6.9 1.7 
Industrial 2.0.0... ccc cece cece wees 0 1 1 1 1 3 1.2 
Mechanical ............ ccc cece eeeeee 10 4 4 4 5 -11.3 1.3 
OFT TTTOTTTITITTTT TTT 17 7 7 8 8 -10.7 0.7 
PPS b.cebsccoceseseccccccoccocoees 1 1 1 2 2 2.4 44 
«RPT TTIEL ITT TTTT TTT TTT Tie eee 0 0 0 0 0 3 3 
Mathematical ................. 0c eee 0 0 0 0 0 3 : 
PEPPY ETTTITTTTT TTT Tree 0 0 0 0 0 3 ’ 
EPO TTTTLTTELETT TTT TEE TTT ey 0 0 0 1 1 3 3 
Computer specialists .................. 1 1 1 2 2 24 2.0 
(continued) 


Number of jobs Annual rate of change 
Projected 2000 
Industry 1980 1988 Low Mid High 1980-88 1988-2000' 
Thousands Percent ——— 
Servicee-producing 
Alloccupations .....................0005. 40,154 51,852 55,212 58,496 61,944 3.2 1.0 
Ali science/engineering .................... 514 804 1,085 1,158 1,230 5.8 3.1 
DL chtciccenabecesccoentecesess 306 446 555 593 632 48 2.4 
AeronauticaV/astronautical .............. 4 9 12 12 13 10.1 2.8 
Sinn anecegneenssieteretscess 12 9 11 11 12 -2.9 1.6 
iti acineane n0ccseeueeeresesees 54 84 90 96 103 5.7 1.1 
ElectricaVelectronics .................. 105 163 226 241 257 5.7 3.3 
Industyial 2... 0... ccc eee eee 10 16 20 22 23 6.3 2.5 
Mechanical ............. cc eee eee 61 65 78 84 89 0.8 2.2 
Eanes caine kteseendeeestenes 61 100 118 126 134 6.3 2.0 
Scientists . 0... ccc cece eee 207 359 530 565 599 7.1 3.9 
3} 8 14 15 16 17 7.3 1.4 
Mathematical ...................0005. 32 64 84 89 95 8.8 2.8 
ET hc othu00stecceesensecesevece 23 41 46 50 52 7.9 1.6 
SE ae 25 25 30 32 34 -0.0 2.1 
Computer specialists .................. 119 215 354 377 401 76 48 
Communications/transportation/utilities 
Alloccupations ........... 6c cece eee eens 5,146 5,548 §,213 5,548 5,904 0.9 0.0 
All science/engineering ...............6606. 95 112 124 132 140 2.1 1.4 
DT Redencscenbecdccocsecerececs 82 79 83 88 93 -0.4 0.9 
AeronauticaVastronautical .............. 1 1 1 1 1 -7.6 1.5 
i db bo 55666060008 0.00002660% 1 1 1 1 1 1.0 1.2 
DT deb cehddedadvriversenecerececre 5 7 6 7 7 44 -0.9 
ElectricaVelectronics .................. 43 39 Aa 46 49 “1.1 1.4 
EE Soto nk egseesessedéoseonsetes 4 5 5 5 6 0.9 0.9 
EE bud oe ctediseseceeeceaeecee 7 6 6 6 6 -3.0 0.5 
FETT TITTT CLT TTT TT TT Te 20 21 21 22 24 0.4 0.5 
ED £66680 0020000 ccdesoeseacceces 13 32 41 44 46 12.2 2.6 
DE teenincedeeneeseresecscesevceces 0 1 1 1 1 3 2.2 
Mathematical ..............00 ccc eeees 1 2 2 2 2 8.3 -0.4 | 
PET 466 ance ad cevcccceceseveccees 0 2 2 2 2 3 -0.7 | 
Dnctcetebereversccecccececesers 0 2 2 2 2 3 1.9 | 
Computer specialists .................. 11 26 35 37 39 10.7 3.1 
Trade 
Allocoupations ............... cece eeeees 20,310 25,138 25,911 27,551 29,201 2.7 0.8 
All science/engineering .................... 66 77 105 114 122 1.9 3.3 
DEE 20040 Ecepecccrcccccecscccces 40 41 55 59 63 0.4 3.0 
AeronauticaVastronautical .............. 0 0 0 0 0 3 3 
PT AbGeeCbeecercvececeseougeces 3 1 1 1 1 -10.8 1.9 
CT Uie aka dhaeadecestéeseccceecess 0 0 0 0 0 3 3 
ElectricaVelectronics .................. 16 16 22 23 25 0.2 3.3 
DEE ccd Gaeenarerccceccreccecees 0 0 0 0 0 3 3 
SO 18 12 16 17 18 -4.7 2.8 
PTT TTTCTTTTET OTe TTT ee 3 12 16 17 18 17.3 2.8 
PRG 6 oeeecccecceceoasseetacevess 26 36 51 55 59 4.0 3.6 
OA ans eta eccseteseccsécesceeeses 0 2 2 2 3 3 1.6 
Mathematical ................. 0c cee 0 0 0 0 0 3 3 
DEP RCE hedcdcccecvcccceccecccese 1 3 3 3 3 16.8 1.3 
LP TTTTTTTTTTPT TTT Tre 0 0 0 1 1 3 3 
Computer specialists .................. 25 32 46 49 53 2.9 3.8 
(continued) 
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Number of jobs Annual rate of change 
Projected 2000 
Industry 1960 19868 Low Mid High 1980-88 1988-2000' 
Thousands —— Agent -—— 
Financial services 
Alloccupations ...................cceeeee 5,160 6,676 7,461 7,864 8,339 3.3 1.4 
All science/engineering .................... 52 122 165 174 185 11.3 3.0 
RS aS ee ee 5 15 20 21 22 13.9 28 
AeronauticaV/astronautical .............. 0 0 0 0 0 3 3 
SE {vccdicdacchswadnssdsukseuss 0 0 0 0 0 3 3 
ae hs ee a os a ks he wise gp 0 0 0 0 0 3 3 
ElectricaVelectronics .................. 0 0 0 0 0 3 3 
oss sc ikea cdbas c6asaeee sees 0 0 0 0 0 3 3 
CE cvécchedadeevanendeaetess 0 0 0 0 0 3 3 
SE od bs et cnt ues sale beecie eases 5 15 20 21 22 13.9 28 
DT x5 « cies noddheveabns cbiaetsvent 46 107 145 154 163 11.0 3.1 
i i el pat on ee en bedu ie 0 0 0 0 0 3 3 
Mathematical .................2ce eee 16 35 43 45 48 9.9 2.2 
 .checcntaubiadshessés eee eeee 0 0 0 0 0 3 3 
i a ieee 2 7 9 9 10 17.6 2.0 
Computer specialists .................. 28 65 94 99 105 11.1 3.6 
Business and related services 
Allocoupations ............ cece eee e eens 9,538 14,490 16,628 17,533 18,500 5.4 1.6 
All science/engineering ................005. 301 494 691 738 784 6.4 3.4 
MEE 4 A inkcechaben¥inses obs4 e050 179 310 398 426 454 7.1 2.7 
AeronauticaVastronautical .............. 3 8 11 12 12 13.9 2.9 
SEE 60 F006 S4Eh6 bude 6b 0400660008 9 8 9 9 10 -1.6 1.6 
ST <snsdshWevedebieewasoise<oadee 49 77 84 90 96 5.8 1.3 
ElectricaVelectronics .................. 46 108 161 172 183 11.3 4.0 
DEE ch wirekhb04¥ebeess6enseeces 5 11 15 16 17 9.6 3.0 
SD 6 6400 6b-o04.060-00640 0060008 35 47 57 61 65 3.5 2.2 
ST i. ¢eGabidatd sUKEKs secs baeteees 32 52 62 66 70 6.0 2.0 
EL 6 6.4b5 0d06 $0Sehent0cbb0 ded bess 122 183 292 312 330 5.3 45 
ch ahcd dlp ewekode-e cebhiadeueeten 7 11 12 13 13 5.1 1.3 
Mathematical ..................000eee 15 27 39 42 45 7.6 3.8 
EEE v6 b bude beeadcivebicccegedues 22 37 42 45 47 6.8 1.7 
Pcs Cth btbedsac nha bedeticten’ses 23 17 20 21 22 -4.1 1.9 
Computer specialists .................. 54 S2 179 192 204 6.8 6.3 
‘As projected in the mid scenario. 


2The “other” engineering category includes a number of smaiier fields that are combined in this report due to space limitations. None of these fields 
individually accounts for more than about 5 percent of the total engineering jobs. 
3Base number is 0 or too small to estimate. 


Notes: Detail may not add to total due to rounding. Percentages are calculated from unrounded data. Macroeconomic assumptions for the low, mid and high 
scenarios are described in appendix table 3-1a. The standard industrial classification codes are: 


Goods-producing 
Durable QOOdS .. 0... ccc cece nes 24, 25, 32-39 
Nondurable QOOdS 2... cece c eee eee 20-23, 26-31 
Cs £00 4060 bCESe eV OReeRK ce ccceseseceee 10-14 
SE 4b sbcbebeeessddee cede cidcevees 15-17 
Services-producing 
CommunicationsAranepontationutiities ......... 40-49 
WE. hc dah wedehGRONS 4m b606040 6 ove ken ee 50-59 
Financial SOTVICOS . cece eee 60-67 
Business and related services ................ 70-79, 81, 83,89 


SOURCE: NSF, Division of Science Resources Studies. 
See figures 3-2, 3-3, 3-4, 3-5, 3-6, 3-17, 3-18, 3-19, 3-20, 3-21, and 3-22; and 0-6 in Overview. 
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Appendix table 3-1a. Summary statistics for 
macroeconomic 


scenarios: 1968-2000 
Macroeconomic scenarios 
Indicator Low Mid High 
Average annual real growth 
Percent ———— 
abe neenndd0t ts oeiuees 1.8 2.3 2.8 
nh eee on ae 1.5 1.9 2.4 
Business fixed investment ..... . 2.6 3.5 45 
RD 60 60604s+9d9000009 48 5.7 6.4 
DD i ccnecesecaenescseoes 3.0 3.6 4.3 
Average annual growth 

Percent 
Labor force ................. 0.7 1.2 1.6 
Productivity ................. 1.3 14 1.6 
industrial production .......... 2.2 2.9 3.5 

Average level 

Percent 
Inflation (GNP deflator) ........ 6.2 5.0 4.2 
ile in inet 5.9 5.6 5.4 


Notes: Growth rates for the projection period are compound annual growth rates 
calculated between the years 1988 and 2000. Level variables are averages for the 
years 1969 to 2000. 


SOURCES: NSF and Data Resources (DRI). 


Science & Engineering indicators— 1969 


Appendix table 3-2. Scientists and engineers employed in S/E jobs, 


by field and gender: 1976-68 
1976 1978 1980 1982 1984 1986 1988 (est.) 
Total scientists and engineers ....... 2,122,100 2,364,400 2,542,700 2,866,700 3,465,100 3,919,900 4,615,500 
| hea 1,947,200 2,153,000 2,269,900 2,552,500 3,070,400 3,393,700 NA 
SR tcc sreceesenececcceses 174,900 211,300 272,800 314,200 394,600 526,200 NA 
Total scientists ................... 843,800 937,500 1,032,800 1,147,500 1,402,900 1,676,400 2,000,000 
re 689,100 753,800 806,200 887,700 1,078,200 1,242,800 NA 
Women ............-..-50008: 154,700 183,700 226,600 259,900 324,700 433,600 NA 
Physicai scientists .............. 154,900 168,200 166,300 210,500 234,000 264,900 286,500 
ic caseciccacccocesesess 143,600 155,700 151,700 190,000 208.000 229,500 NA 
DE cacvecesecveceeceere 11,300 12,500 14,500 20,500 26,000 35,400 NA 
Mathematical scientists .......... 43,800 48,000 57,300 68,300 87,000 103,900 132,500 
chee icécegeee venseeees 33,700 36,700 42,100 45,500 68,200 78,900 NA 
Women ............-02.0008e 10,000 11,400 15,200 22,800 18,800 25,000 NA 
Computer specialists ............ 116,000 171,400 196,700 216,100 340,400 437,200 551,800 
tins cedebeseeeseeeseee 95,100 131,300 147,600 158,700 251,600 308,700 NA 
i evcascdcvceceeceseceees 20,900 40,000 49,100 57,400 88,800 126,400 NA 
Environmental scientists ......... 46,600 56,900 63,100 82,700 89,900 97,300 98,200 
Ds ceekecsetecadewesenes 44,000 51,600 54,700 71,100 80,800 87,200 NA 
Women .............--.5008. 2,600 5,300 8,400 11,700 9,100 10,100 NA 
Life scientists .................. 196,200 227,800 267,300 296,000 294,100 340,500 380,800 
Races sécccevcescceeseses 167,700 191,800 218,400 239,000 226,000 257,100 NA 
Women .............26.eeee 30,500 36,000 48,900 59,000 68,100 83,300 NA 
Psychologisis .................. 103,700 107,400 112,500 105,600 151,900 172,800 229,200 
ME Rac eigeccececceceseeees 71,600 71,100 70,400 66,400 92,900 99,500 NA 
Women ..............--0008. 32,000 36,300 42,100 39,300 59,000 73,300 NA 
Social scientists ................ 180,500 157,800 169,700 166,200 205,600 259,800 321,000 
DP EA Ghebes-ccccceccceceses 133,200 115,700 121,300 117,000 150,800 181,800 NA 
Women ..............-000ee 47,300 42,200 48,300 49,200 54,900 78,000 NA 
Total engineers .................. 1,278,300 1,426,900 1,509,900 1,719,100 2,062,200 2,243,500 2,615,500 
SERRA Reet eececcrvcccecesece 1,258,100 1,399,300 1,463,600 1,664,800 1,992,200 2,150,900 NA 
Women ..............0.eeeeee 20,200 27,700 46,200 54,300 70,000 92,600 NA 
Astronautical/aeronautical ........ 55,700 61,100 65,000 77,200 91,800 104,200 112,000 
rere 55,100 60,400 63,700 75,100 89,600 100,300 NA 
MEN s bc occcccccccccsccces 600 700 1,300 2,100 2,200 3,900 NA 
PEED be cccescccessedcoecse 76,400 81,900 89,000 101,100 127,500 131,500 132,200 
ME beaesdecdeeeacocesesses 73,700 79,300 84,500 95,300 119,200 121,200 NA 
Women ........... eee eeeeee 2,800 2,500 4,500 5,700 8,300 10,300 NA 
MR ae sccccescccecessecoceese 182,800 205,200 217,000 $243,700 293,000 319,100 311,200 
DE gbedesecscecceccsesocce 178,100 201,900 211,500 237,900 284,400 307,200 NA 
Women .............000ceeee 4,800 3,300 5,500 5,900 8,500 11,900 NA 
ElectricaVelectronics ............ 267,900 327,000 357,400 413,500 475,000 540,800 601,500 
ME Seesccesssccccoececsens 266,500 323,600 350,200 405,400 463,800 523,200 NA 
Women ........... cece eens 1,400 3,500 7,200 8,100 11,200 17,600 NA 
Mechanical ................05. 272,800 296,500 308,800 334,400 414,000 453,700 597,900 
DET bdicctecectccoscecssecs 270,600 292,300 302,000 $327,700 403,300 440,100 NA 
Be cccccccvcceccosccese 2,200 4,200 6,800 6,700 10,700 13,600 NA 
Other engineers ................ 422,700 455,200 472,700 549,200 660,900 694,200 860,700 
DC Secebsncescseceeseesses 414,100 441,800 451,700 523,400 631,900 658,900 NA 
Women ........... 006 e eens 8,400 13,500 20,900 25,800 29,100 35,300 NA 


NA = Not available; S/E = science and engineering. 


Notes: Detail may not add to total because of rounding. Total fields for 1988 were estimated based on the 1988 S/E employment rate for that year. Rates were 


not available by gender. 


SOURCES: NSF, U.S. Scientists and Engineers: 1986; and unpublished data. 


See figures 3-7 and 3-8, and O-9 and O-10 in Overview. 
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by field and gender: 1976-88 

Field and gender 1976 1978 19860 1962 1984 1986 1988 (est.) 
Total scientists and engineers ...... 209,100 245,400 317,700 386,400 530,400 706,600 859,100 
ne. cc eeececee 184,400 214,600 274,900 311,600 412,500 534,100 NA 
SE wacceucccocecccoccees 24,800 30,900 42,800 74,700 118,000 172,400 NA 
Total scientists .................. 115,700 133,500 151,700 258,200 378,500 509,900 624,800 
Ee nace cscevceeesrense 92,200 103,800 111,800 187,400 265,100 343,900 NA 
Sn eo ceeneceses 23,500 29,700 39,900 70,700 113,400 166,000 NA 
Physical scientists .............. 34,000 40,100 48,900 16,900 20,100 23,500 24,900 
Sn cnn ac neces eeesenees 29,100 34,100 42,800 15,100 17,800 20,600 NA 
Women ..................-.. 4,900 6,000 6,300 1,800 2,300 2,900 NA 
Mathematical scientists .......... 4,800 5,700 7,000 11,100 13,400 27,100 34,800 
inh scisaneonectccoeceese 3,400 3,800 4,300 8,500 10,300 18,200 NA 
Women .................5-- 1,500 1,700 2,800 2,500 3,100 8,900 NA 
Computer specialists ............ 3,000 5,600 11,100 82,900 96,400 125,400 158,400 
Sot an an on ceencacestees 3,300 5,500 2,300 61,600 71,100 91,300 NA 
Women .................6-- 0 200 8,800 21,300 25,300 34,100 NA 
Environmental scientists ......... 8,200 12,000 14,500 4,500 8,200 14,000 14,400 
>. 6,900 10,100 12,100 3,700 7,000 11,200 NA 
Women ................008- 1,300 1,900 2,300 700 1,200 2,800 NA 
Life scientists .................. 15,300 16,300 20,200 39,100 59,200 71,300 79,600 
St cccanceeoeecoeseseone 11,900 12,700 16,000 29,500 44,700 51,900 NA 
Women ................000- 3,400 3,600 4,200 9,600 14,500 19,500 NA 
Psychologists ................. 8,800 14,300 15,600 32,800 57,600 80,700 104,900 
Se 5,300 8,600 9,000 16,600 28,200 38,900 NA 
Women ...............000e- 3,600 5,700 6,600 16,100 29,400 41,900 NA 
Social scientists ................ 41,800 39,600 34,300 71,000 123,600 168,000 207,800 
ins wiihn¢nes 0¢e0sencteee 32,500 28,900 25,400 52,300 86,000 112,000 NA 
Women ..............e0eee- 9,300 10,600 8,900 18,700 37,500 56,000 NA 
Total engineers .................. 93,400 111,900 166,000 128,100 151,900 196,600 234,300 
Dee gdsncecetenteséoseeeee 92,200 110,700 163,100 124,200 147,400 190,200 NA 
Women ........... ccc cece eeee 1,200 1,100 3,000 4,000 4,500 6,400 NA 
Astronautical/aeronautical ........ 1,100 900 4,500 3,600 5,400 6,300 6,600 
nivhegevceesseecesseces 1,300 1,000 4,600 3,600 5,300 5,990 NA 
Women ...........c cee eeeee 0 0 0 0 0 400 NA 
Chemical ......... ccc cccccees 1,100 2,300 5,500 6,600 12,600 17,500 17,400 
Pthenetesveetesavecessece 1,300 2,400 5,500 6,300 12,100 16,600 NA 
SEED. ctneccvecccceeseenes 0 0 0 400 500 900 NA 
nseséececcceecocsesecene 5,400 6,500 15,100 14,500 19,700 27,200 26,700 
DD tinecsecescooucseceeess 4,700 6,500 14,800 14,300 19,000 26,200 NA 
Women ...........c ccc eeeee 600 0 300 200 800 1,000 NA 
ElectricaVelectronics ............ 15,100 14,500 25,700 24,200 25,700 33,700 37,700 
DT Asiccrueceeeceécosecece 14,900 14,400 25,200 23,200 24,700 32,300 NA 
SEE goececcce decoccceses 200 0 400 1,000 1,000 1,300 NA 
Mechanical ................... 3,400 2,800 13,800 23,500 31,600 38,900 51,300 
DAMA A oeegeceeeceéesaceee 3,300 2,900 14,000 23,100 31,300 38,500 NA 
Women ........... cece ceeee 100 0 0 400 300 400 NA 
Other engineers ................ 67,300 84,900 101,400 55,700 56,900 73,000 94,600 
SE sh bcbincedoccceecercces 66,800 83,600 98,900 53,700 55,000 70,700 NA 
EE 4 0n6600466e¢enesese 700 1,200 2,600 2,000 1,900 2,400 NA 


NA = Not available; S/E = science and engineering. 


Note: Detail may not add to total because of rounding. Total fields for 1968 were estimated based on the 1968 S/E employment rate for that year. Rates were 
not available by gender. 


SOURCES: NSF, U.S. Scientists and Engineers: 1986; estimated and unpublished data. 
See figure 3-7. 
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Appendix table 3-4. Scientists and engineers employed in S/E jobs, by field and racial/ethnic group: 1976-88 


Field and racial/ethnic group 1976 1978 1960 1962 1984 1966 1988 (est.) 
Total scientists and engineers ...... 2,122,100 2,364,400 2,542,700 2,866,700 3,465,100 3,919,900 4,615,500 
i eae eee 1,949,700 2,189,600 2,349,700 2,638,200 3,159,500 3,556,200 NA 
Ss os ccccescccesesceces 34,900 43,000 50,900 59,000 73,600 87,900 NA 
Ss snc ccercsoccccesceesees 98,500 102,800 112,000 122,500 169,400 199,000 NA 
Es de wa caapesveoceseesaee 39,000 29,000 30,100 47,000 62,600 76,800 NA 
Total scientists .................. 843,800 937,500 1,032,800 1,147,500 1,402,900 1,676,400 2,000,000 
NS oc wen cgengeveseseteouns 764,200 868,500 957,900 1,058,300 1,281,900 1,521,000 NA 
Sree 19,400 23,200 26,000 30,000 39,000 50,600 NA 
dd ewcueceenceveuceeancs 43,100 35,700 37,500 40,700 57,500 72,300 NA 
tn é nce6eedeeneussesees 17,100 10,100 11,400 18,500 24,500 32,500 NA 
Physical scientists .............. 154,900 168,200 166,300 210,500 234,000 264,900 286,500 
MEN oocsccececccceccseces 141,200 157,600 155,600 197,700 213,100 240,400 NA 
ME cuhn occcecccececseesees 2,400 2,500 2,400 2,900 4,800 5,400 NA 
Tt «a 56 erga guenesinend 6,400 7,300 7,100 7,400 11,500 14,500 NA 
tn decedeaeeesees teens 4,900 800 1,200 2,500 4,600 4,600 NA 
Mathematical scientists .......... 43,800 48,000 57,300 68,300 87,000 103,900 132,500 
DG aaconcendééeneeseecaseé 39,400 44,100 52,600 61,800 76,300 91,300 NA 
Dh a iun cipecevecasetines 2,500 2,400 2,500 3,400 4,400 6,100 NA 
ia weceemiebt Gegecengae 1,700 1,500 2,100 2,500 4,500 4,200 NA 
SEs cucvedenscesenresoete 200 0 100 600 1,800 2,300 NA 
Computer specialists ............ 116,000 171,400 196,700 216,100 340,400 437,200 551,800 
ta sc ee une 6ubesdaseose 108,000 159,100 181,500 196,000 305,000 388,200 NA 
SF a rere 1,500 3,200 4,300 6,200 9,900 13,200 NA 
MS kisicdn scene eéh es eneee 3,900 8,200 9,700 10,400 20,800 27,600 NA 
SAMs dewdénenespeeds evee 2,600 900 1,200 3,500 4,700 8,200 NA 
Environmental scientists ......... 46,600 56,900 63,100 82,700 89,900 97,300 98,200 
DT bn dachdbbé6tnvdveesens 40,700 51,600 57,700 76,700 56,100 93,600 NA 
| ea ee ee 1,800 1,000 800 400 600 400 NA 
i ono0605bnneneeedseehe 2,900 1,600 2,000 3,600 1,700 1,900 NA 
SE 56a 0008608060000 066660 1,200 2,700 2,600 2,000 31,500 1,400 NA 
Life scientists .................. 198,200 227,800 267,300 298,000 294,100 340,500 380,800 
ST dees vestaveseénceesese 186,100 213,200 250,700 280,400 273,800 313,100 NA 
cc casweenednsesecesees 4,700 5,300 6,400 7,500 5,400 7,100 NA 
MD oweekeaeasseasecseeces 5,400 6,300 6,900 6,500 9,300 12,900 NA 
SP sadeeccecdeenesseeeses 2,000 3,000 3,300 3,600 5,600 7,400 NA 
Psychologists ................. 103,700 107,400 112,500 105,600 151,900 172,800 229,200 
DEE Ecbescecevoesstececesen 97,100 102,400 107,400 100,700 143,000 161,800 NA 
ME ccdccveseseecsevesedas 3,700 3,400 3,400 2,400 5,100 6,000 NA 
MEE 66-0900606e0000eee0e0e0 700 700 1,000 1,000 1,400 1,400 NA 
ST arcccenedeseesacessece 2,200 900 700 1,500 2,400 3,600 NA 
Social scientists ................ 180,500 157,800 169,700 166,200 205,600 259,800 321,000 
DD Abe devccesccececeveses 151,600 140,500 152,600 145,100 184,700 232,600 NA 
DE cb gndedecesviecesseves 2,900 5,500 6,400 7,200 8,900 12,300 NA 
SED 00 0506606e06eeetnssess 22,100 10,300 8,700 9,300 8,100 9,700 NA 
ME 600 6¢64009800060086000 3,900 1,500 2,000 4,600 3,900 5,200 NA 
(continued) 
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Appendix table 3-4. (Continued) 

Field and racial/ethnic group 1976 1978 1980 1962 1984 1986 1988 (est.) 
Total engineers .................. 1,278,300 1,426,900 1,509,900 1,719,100 2,062,200 2,243,500 2,615,500 
a 1,185,500 1,321,100 1,391,700 1,579,800 1,877,600 2,035,200 NA 
Se 15,500 19,800 24,900 29,000 34,500 37,300 NA 
a 55,400 67,100 74,600 81,700 112,000 126,700 NA 
| 21,900 18,900 18,700 28,600 38,100 44,300 NA 
Astwonautical/aeronautical ........ 55,700 61,100 65,000 77,200 91,800 104,200 112,000 
(Ss 52,900 56,800 60,500 72,700 86,000 94,900 NA 
0 Ee eer 300 1,000 1,200 1,100 1,000 1,400 NA 
0 See 1,700 2,100 2,100 2,600 4,100 6,500 NA 
itticastesctesescceces 800 1,200 1,200 800 700 1,400 NA 
Chemical .................00-- 76,400 81,900 89,000 101,100 127,500 131,500 132,200 
ic ASéatccececcceseces 71,100 76,000 81,300 91,800 113,700 119,200 NA 
chiendessseseeeeceee 1,500 300 400 900 1,200 900 NA 
Pn cacéeesesceceeecceces 2,400 4,000 5,700 6,800 10,000 9,200 NA 
i Rikisudbccecesceceooes 1,400 1,600 1,600 1,600 2,600 2,200 NA 
Deckeasacececeoccocecess 182,800 205,200 217,000 243,700 293,000 319,100 311,200 
Caches adcencescegeess 162,500 185,000 194,900 218,500 258,100 284,300 NA 
ic nsadghescoceveceses 1,800 2,700 3,800 3,600 4,500 4,800 NA 
ti. cevesceseoecceveece 14,800 14,500 15,200 16,500 23,000 23,300 NA 
DE Sines ccvocesceceseess 3,700 3,000 3,100 5,100 7,400 6,700 NA 
ElectricaVelectronics ............ 267,900 327,000 357,400 413,500 475,000 540,800 601,500 
DP eebbedbscecoconcceceee 248,800 297,900 323,600 375,100 424,800 481,800 NA 
DP btehebsdvesseceecscees 2,600 5,700 7,500 8,800 10,600 11,000 NA 
Re bddeddeccccececeses 12,700 19,500 22,100 23,100 29,400 36,000 NA 
DT RAADS tea sececoocoaccce 3,800 3,900 4,200 6,500 10,200 12,000 NA 
SE chase cecccceossscece 272,800 296,500 308,800 334,400 414,000 453,700 597,900 
PPT TTT TTT re 255,300 277,400 288,900 310,800 382,300 416,000 NA 
DT GAancenecnsdeceecscoace 2,200 2,100 2,500 3,400 4,500 6,400 NA 
SE Shaddisececscosscceese 9,600 12,800 13,600 14,600 20,000 23,400 NA 
MEET be cncecdcsccccccoccese 5,700 4,200 3,800 5,600 7,200 7,900 NA 
Other engineers ................ 422,700 455,200 472,700 549,200 660,900 694,200 860,700 
SE bn665b40¢e6c ccc ccceces 394,900 428,000 442,500 510,900 612,700 639,000 NA 
SEE 606 06d00asccdcccccscce 7,100 8,000 9,500 11,200 12,700 12,800 NA 
SEE dececdeecsocncocsccecses 14,200 14,200 15,900 18,100 25,500 28,300 NA 
SEE ndbecbecdcoesecesocece 6,500 5,000 4,800 9,000 10,000 14,100 NA 


See figure 3-9. 


SOURCES: NSF, U.S. Scientists and Engineers: 1986; estimates and unpublished data. 
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Appendix table 3-5. doctoral scientists and engineers, 
by field and gender: 1977-87 
Field and gender 1977 1979 1981 1983 1985 1987 
Total scientists and 
engineers .............. 285,055 314,257 343,956 369,320 400,358 419,118 
nc ccessovoceses 257,465 280,857 302,971 320,494 341,873 352,386 
Women .............. 27,590 33,400 40,965 48,826 58,485 66,732 
Total scientists .......... 240,005 263,915 286,917 307,775 334505 351,350 
Tanceccccecocecees 212,696 231,040 246,685 260.025 277,508 286,346 
Women .............. 27,309 32,875 40232 47,750 56,997 65,004 
Physical scientists ...... 57,501 60,222 63,110 63,9686 67,480 68,647 
ae 54,504 57,066 59,346 59,811 62,809 63,163 
Women ............ 2,937 3,136 3,764 4,175 4,671 5,484 
Mathematical scientists 14,609 15,250 15,569 16,379 16,758 16,699 
Dn ekeacéovesees 13,560 14,104 14,259 14,964 15,199 15,074 
Women ............ 1,049 1,146 1,310 1,415 1,559 1,625 
Computer specialists . . 5,767 6,684 9,064 12,164 14,964 18,571 
NE 5,534 6,318 8,363 10,898 13,345 16,683 
Women ............ 233 366 701 1,266 1,619 1,878 
Environmental scientists 13,001 14,575 15,909 16,467 17,288 17,811 
Dit taéceeeséensese 12,560 13,968 15,054 15,553 16,199 16,510 
Women ............ 441 607 855 914 1,089 1,301 
Lite scientists .......... 70,537 78,857 84912 92802 101,838 107,378 
Men ............... 61,437 67,528 71593 76573 982,146 85,269 
Women ............ 9,100 11,329 13,319 16,229 19,692 22,109 
Psychologists .......... 33,652 37,848 42,829 46,645 52,182 56,378 
Men ............... 26,055 28,690 31,103 32,962 35,573 37,274 
Women ............ 7,597 9,158 11,726 13,683 16,609 19,104 
Social scientists ........ 44,906 50,479 55,524 59,332 63,995 65,866 
Se debdeccoesees 38,956 43,346 46,967 49,264 52.237 52,363 
Women ............ 5,952 7,133 8,557 10,068 11,758 13,503 
Total engineers .......... 45,050 50,342 57,039 61545 65,853 67,768 
dns eecescecoeseces 44,769 49,817 56,286 60,469 64365 66,040 
Women .............. 261 525 753 1,076 1,488 1,728 
Astronautical/aeronautical 1,967 2,364 2,519 3,684 3,827 5,005 
ME haebsoeeesoeese 1,967 2,340 2,480 3,614 3,732 4,884 
Women ............ 20 24 39 70 95 121 
Chemical ............. 5,603 6,166 7,146 6,992 7,122 6,923 
MT peeeceeseeeeoce 5,575 6,117 7,092 6,895 7,021 6,783 
Women ............ 28 4S 54 97 101 140 
GE weccccccccccesecs 4,066 5,157 6,089 §,317 6,396 6,479 
nt a6ae8eenesa« 4,051 5,101 6,003 5,245 6,305 6,316 
Women ............ 15 56 86 72 91 163 
ElectricaVelectronics . 8,284 8,597 10,630 12,696 14,248 12,601 
ae eeeecocesees 8,246 8,528 10,493 12,460 13,901 12,236 
Women ............ 38 69 137 236 347 365 
Mechanical ........... 4,648 5,245 5,370 5,657 6,594 6,711 
MT sdevecccecesoce 4,629 §,213 5,330 5,603 6,536 6,613 
Women ............ 19 32 40 54 58 98 
Other engineers ........ 20,462 22,813 25,285 27,199 27,666 30,049 
nd swebecesooese 20,301 22,518 24,888 26,652 26,870 29,208 
Women ............ 161 295 397 547 796 841 
Note: Detail may not add to total because of rounding. 
SOURCE: NSF, Characteristics of Doctoral Scientists and Engineers in the United States: 1967. 
See figure 3-10. 
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Appendix table 3-6. Employed doctoral scientists and engineers, by field and 


racial/ethnic group: 1977-87 
Field and racial/ethnic group 1977 1979 1981 1983 1985 1987 
Total scientists and 
DT shogesvdonsne 285,055 314257 343,953 369,320 400,358 419,118 
 cgpccccecessoese 258.255 284,965 309,123 328,455 355,125 372,985 
rer 2,709 3,227 4,224 4,948 5,716 6,359 
ere 16275 22912 27,350 29,740 34533 36,397 
i ‘etiaveendaeeees 7,816 3,153 3,256 6,177 4,984 3,377 
Total scientists .......... 240,005 263,915 286,917 307.775 334,505 351,350 
Whit) ................ 219,636 243,008 261,912 278,722 302,526 319,091 
Ferrer 2,588 3,125 3,954 4,538 5,203 5,704 
Asian ............-.-. 11,229 15,037 18328  # 19,259 22,651 23,645 
Other ................ 6,552 2.745 2,723 5,256 4,125 2,910 
Physical scientists ...... 57,531 60,222 63,110 63,986 67,480 68,647 
Wht) .............. 51,963 54618 56245 56,521 59,598 60,751 
Black .............. 543 403 579 690 522 620 
Asian .............. 3,441 4,719 5,769 5,684 6,561 6,788 
 tssbnidwenhee 1,564 482 517 1,091 739 488 
Mathematical scientists 14,609 15,250 15,569 16379 16,758 16,699 
White .............. 13,218 13,729 13,975 14,531 14,921 14,940 
Black .............. 120 144 167 178 166 166 
DE Gaseuesesecsos 739 1,110 1,155 1,378 1,368 1,482 
ET anéudeedesedes 472 267 272 232 303 111 
Computer specialists .. 5,767 6,684 9,064 12,164 14964 18,571 
TT 6066060000060 5,014 6,059 8056 11012 13,064 16,219 
PE paeeeeeqcceesss 15 4 27 43 85 200 
rrr 613 561 868 944 1,634 1,838 
EE weecccecoseces 125 60 113 165 181 314 
Environmental scientists 13,001 14,575 15,909 16,467 17,288 17,811 
Fas 12,125 13,813 14,996 15,476 15,774 16,587 
ME Sas6eeoeeceess 24 65 34 33 98 222 
ED eceseceosceses 572 539 744 770 1,133 943 
BED eandacecoesses «AD 158 135 188 263 59 
Lite scientists .......... 70,537 78,857 84912 92802 101838 107,378 
Witte .. 2.2... cece. 64.243 71,861 77,069 83,378 92,002 96,955 
Black ...........05. 769 883 1,013 1,142 1,419 1,456 
ED 656e06esceveses 3,960 5,417 6,257 6,750 7,412 8,207 
EEE Sececcccesecce 1,545 696 553 1,532 1,005 760 
Psychologists .......... 33,652 37,848 42829 46645 52,182 56,378 
White ... 2... ...006. 31,943 36,480 9825 44237 49,5068 53,655 
ME eecedeseoeeses 467 594 809 963 1,190 1,266 
ED soneecccesseee 313 412 640 756 858 
Other .. 0.2... eee ee 929 32 31,612 785 728 599 
Social scientists ........ 44,906 50,479 55524 59,332 63,995 65,866 
Wite . 2.2... eee ee, 41,130 46448 50542 53,567 57,659 59,964 
ME encccccceccece 650 1,032 1,325 1,469 1,723 1,774 
MED cccccccecccces 1,511 2,279 2,952 3,083 3,787 3,529 
MEE eccceccoceccecs 1,617 720 705 1,203 826 579 
(continued) 


Total engineers .......... 45,050 SO0342 57039 61545 65853 £67,768 
I a a en 38,619 41,957 47,211 49,733 52,5389 53,894 
SE 121 102 270 410 513 655 
te nentagesteogea 5,046 7,875 9,022 10,481 11,882 12,752 
Se 1,264 408 536 $21 859 467 
Astronautical/aeronautcal 1,987 2,364 2,519 3,684 3,827 5,005 

(eee 1,783 2,122 2,232 3,128 3,295 4,082 
DT] -sptectsenene 0 2 10 21 27 34 
ese 138 232 269 482 503 869 
FE ESS 56 8 8 53 2 10 
Chemical ............. 5,603 6,166 7,146 6,992 7,122 6,923 
DE ccceeuesecooes 4,674 4,953 5,553 5,384 5,130 4 988 
Black .............. 12 10 37 13 66 72 
Asia’ .............. 721 1,200 1,554 1,502 1,923 1,814 
D> seceseseinesss 196 3 2 33 3 49 
0 ren 4,066 5,157 6,069 §,317 6,396 6,479 
White) .............. 3,255 3,875 4,785 4,190 5,063 5,182 
DT éccéeeseboesec 5 1 24 24 85 23 
Agian .............4. 718 1,204 1,226 1,059 1,182 1,254 
Other ......... rbeeue 88 77 54 44 66 20 
ElectricaVelectronics . 8,284 8597 10630 12696 14248 12,601 
i dip nbicenses 7,229 7,252 8,931 10,310 11,366 9,744 
Black .............. 45 15 40 75 90 209 
i. i edeceééeeee 833 1,272 1,552 2,083 2,553 2,525 
i hiepieens bese 177 58 107 218 219 123 
Mechanical ........... 4,648 5,245 5,370 5,657 6,594 6,711 
D> tatheéucoeese 3,793 4,057 4,313 4,382 5,069 5,124 
ecb ecdasesedes 5 22 10 91 81 127 
dh dceectseeube 771 1,165 1,045 1,157 1,354 1,412 
DP engéiweasebbee 79 1 2 27 $0 48 
Other engineers ........ 20,462 22813 25,285 ### 27,199 27666 30,049 
White ..... Senceasee 17,875 19,696 21,397 22,339 22,656 24,764 
ET heseeevectabee 5a 52 149 186 164 190 
i cctienest onsen 1,865 2,802 3,376 4,188 4,367 4,878 
rao 668 261 363 486 479 217 


Note: Detail may not add to total because of rounding. 
SOURCE: NSF, Characteristics of Doctoral scientists and Engineers in the United States: 1967. 
See figure 3-11. 
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Appendix table 3-7. Selected employment characteristics of scientists and engineers, by field, gender, and racial/ethnic group: 1986 


Labor force participation rate Unemployment rate S/E employment rate S/E underemployment rate S/E underutilization rate 
Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Percent 
Total scientists & engineers' 94.5 94.6 93.9 1.5 1.3 2.7 84.7 86.4 75.3 2.6 1.9 6.3 4.1 3.2 8.9 
White ..................... 94.3 94.4 93.8 1.5 1.3 2.6 84.9 86.4 75.9 2.5 1.9 6.1 3.9 3.1 8.5 
err 97.2 97.6 96.4 3.8 28 6.0 76.5 79.1 70.2 5.5 3.7 9.7 9.1 6.4 15.2 
M0 nonwecevcccscccecces 96.3 97.0 93.1 1.8 1.9 1.6 87.7 90.7 72.0 2.2 1.8 4.1 3.9 3.6 5.6 
Native American ............. 96.0 95.9 96.8 1.2 1.3 (3) 79.3 80.5 69.4 2.4 1.1 13.1 3.6 2.4 13.1 
Hispanic? .................. 95.2 96.1 92.2 2.1 2.2 1.7 80.2 83.8 66.5 48 2.5 13.4 6.7 46 14.8 
Total scientists ................ 95.3 95.9 94.0 1.9 1.6 2.7 76.7 78.3 72.3 43 3.3 7.0 6.1 48 9.5 
White ..................... 95.2 95.8 93.8 1.8 1.5 2.6 77.1 78.6 73.0 4.2 3.3 6.7 5.9 4.7 9.1 
EE ep eegdéeses 6444444404 97.0 97.2 96.7 3.7 1.6 6.5 68.7 69.7 67.2 75 5.2 10.8 10.9 6.7 16.7 
ere 96.1 97.5 93.2 2.3 2.8 1.1 76.9 81.7 66.3 3.5 3.0 46 5.8 5.8 5.7 
Native American ............. 96.6 96.7 96.4 2.1 2.7 (3) 68.2 68.5 67.3 5.0 2.1 14.7 7.0 48 14.7 
Hispanic? .................. 94.9 96.5 91.9 3.0 3.8 1.4 67.5 71.0 61.2 8.2 4.0 15.9 10.9 7.6 17.0 
Physical scientists ........ 93.6 94.1 90.8 1.4 1.2 3.1 91.9 91.8 92.4 1.9 1.6 3.5 3.3 2.8 6.5 
White ................... 93.5 94.0 90.2 1.4 1.1 3.1 91.8 91.6 93.4 1.7 1.5 3.0 3.1 2.7 6.0 
Cs ¢onceuceeese0seses 98.1 98.4 97.6 2.6 2.0 4.2 87.2 89.3 81.8 46 3.1 8.5 7.1 5.0 12.3 
BEE a ocnnngesesceeseses 93.0 93.5 91.9 1.2 1.3 0.9 94.4 94.8 93.5 2.5 2.2 3.3 3.6 3.4 4.1 
Native American ........... 80.7 80.7 (°) (°) (3) () 100.0 100.0 (°) (°) (3) (°) (3) (3) (°) 
Hispanic? ................ 94.1 97.3 83.1 3.2 1.3 10.7 96.8 96.7 97.4 1.8 1.7 2.6 5.0 3.0 13.0 
Mathematical scientists 94.6 95.4 92.6 1.3 0.8 2.7 79.3 81.3 73.8 3.3 2.0 7.1 46 2.8 9.6 
White ................... 94.2 95.0 92.1 1.3 0.7 2.7 79.0 81.2 73.0 3.1 1.8 6.8 43 2.5 9.3 
Black ..............2.000. 98.4 98.4 98.5 1.2 (3) 3.4 90.0 90.5 89.0 4.2 5.5 1.8 5.4 5.5 5.1 
Asian ......... 0. cece eee 97.9 98.4 94.8 2.3 2.6 (3) 70.3 69.3 77.0 3.9 3.3 75 6.1 5.9 7.5 
Native American ........... 100.0 100.0 100.0 (°) (3) (3) 39.7 66.7 13.8 44.0 (3) 86.2 440 (3) 86.2 
Hispanic? ................ 97.6 97.7 97.4 0.9 1.4 (3) 82.6 92.3 67.0 3.6 1.5 6.9 4.4 2.9 6.9 
Computer specialists ...... 98.5 99.4 96.5 0.8 0.6 1.6 77.7 77.2 79.0 2.5 2.5 2.5 3.3 3.0 4.0 
White ................... 98.6 99.4 96.6 0.8 0.5 1.6 78.1 775 79.7 2.4 2.4 2.2 3.2 3.0 3.8 
hn 60600s60teesnseeses 99.2 100.0 98.0 1.2 0.3 2.7 70.1 69.8 70.6 4.2 2.7 6.6 5.4 3.0 9.2 
BED cnecgeseeeeeeseeses 97.6 99.3 92.7 0.6 0.5 1.0 76.6 76.9 75.5 2.7 2.5 3.4 3.3 3.0 4.3 
Native American ........... 100.0 100.0 100.0 1.9 2.2 (3) 52.4 47.8 75.4 (3) (3) (3) 1.9 2.2 (3) 
Hispanic? ................ 96.4 100.0 89.3 0.9 1.3 (3) 65.7 69.9 56.5 5.5 6.6 3.1 6.3 78 3.1 
(continued) 
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Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Percent 
Environmental scientists 94.5 94.8 92.1 4.4 3.9 8.2 87.4 88.6 78.6 5.6 48 11.6 9.7 8.5 18.8 
White ................... 94.4 947 91.9 45 4.0 8.4 88.5 89.8 78.5 5.5 4.6 11.7 9.7 8.4 19.1 
Black .................... 97.5 97.1 100.0 0.6 0.2 2.8 41.3 31.9 100.0 4.4 5.1 (3) 5.0 5.4 28 
Asian ................... 97.3 97.1 100.0 2.6 2.9 (°) 89.6 91.2 71.7 8.8 9.7 (3) 11.2 12.2 (3) 
Native American ........... 93.8 93.0 100.0 (°) (3) (3) 74.2 77.9 50.0 15.5 10.2 50.0 15.5 10.2 50.0 
Hispanic? ................ 95.0 94.5 100.0 48 5.3 (°) 84.5 85.4 76.6 9.0 8.9 9.6 13.3 13.7 9.6 
Life scientists ............... 93.0 94.1 90.0 2.1 1.7 3.4 82.7 83.2 81.1 4.7 3.1 9.6 6.7 47 12.6 
White ................... 92.8 93.9 89.5 2.1 1.6 3.4 82.9 83.1 82.1 4.4 3.1 8.5 6.4 47 11.6 
Black... 0.2... cece ee eee 98.5 98.8 97.9 3.8 1.4 7.4 80.9 83.4 76.9 7.3 3.4 13.7 10.9 48 20.1 
Asian .............00000- 94.0 96.1 90.7 2.6 2.1 3.3 85.7 90.4 776 75 3.2 14.7 9.9 5.2 17.5 
Native American ........... 100.0 100.0 100.0 (3) (°) (3) 63.3 75.3 41.5 0.7 (3) 2.0 0.7 (3) 2.0 
Hispanic? ................ 92.2 94.2 89.5 0.8 1.3 (3°) 71.3 74.6 66.5 16.2 5.7 31.5 16.9 6.9 31.5 
Psychologists ............... 95.1 94.9 95.3 2.5 2.2 3.0 68.2 71.9 63.6 5.7 4.7 6.8 8.1 6.8 9.6 
White ................... 95.0 94.7 95.4 2.3 1.8 3.0 69.1 71.7 65.7 5.8 48 7.0 8.0 6.6 9.8 
a6 0066etee6eseesssee 94.5 97.0 93.3 3.6 1.5 4.6 66.6 80.4 59.3 49 (°) 75 8.3 1.5 11.7 
Asian ..............0000. 99.0 100.0 98.8 43 23.0 (9) 28.0 95.2 16.2 (3) (°) (3) 4.3 23.0 (3) 
Native American........... 100.0 100.0 100.0 85 11.2 (3) 94.3 923 1000 115 () 446 19.1 11.2 446 
Hispanic? ................ 96.1 96.3 95.9 4.3 48 3.8 46.3 40.9 51.0 7.1 5.3 8.7 11.1 9.8 12.2 
Social scientists ............. 95.4 95.8 94.6 2.4 2.3 2.7 60.7 61.9 58.2 7.2 5.4 11.1 9.4 75 13.6 
White ................... 95.3 95.8 94.3 2.0 2.0 2.1 61.1 62.3 58.1 6.9 5.2 10.9 8.8 7.1 12.8 
Black... 2.2.0... ccc cece 95.0 93.7 96.8 6.8 3.4 11.2 53.7 50.8 57.8 13.1 9.8 17.9 19.0 12.8 27.1 
MD saccesesecsoscocece 96.1 97.8 92.9 6.4 9.6 (3) 68.4 74.7 57.0 3.0 43 0.5 9.2 13.5 0.5 
Native American ........... 95.0 100.0 81.1 (°) (°) (°) 49.0 34.0 100.0 75 9.7 (3) 75 9.7 (3) 
Hispanic? ................ 95.0 95.6 93.8 5.8 8.7 (3) 57.6 57.9 56.9 7.7 0.6 20.9 13.1 9.2 20.9 
Totalengineers ............... 93.8 93.8 93.6 1.2 1.2 25 91.9 91.9 93.5 1.0 1.0 2.3 2.2 2.1 48 
Ree 93.5 93.5 93.5 1.2 1.1 25 91.8 91.7 93.5 1.0 0.9 2.4 2.1 2.0 49 
SN 60660606 50694000%0066 97.7 98.0 94.8 4.0 4.2 2.0 90.3 90.2 90.9 2.0 1.9 2.3 5.8 6.0 4.3 
ME no5606606006006600008 96.5 96.7 93.0 1.5 1.4 3.7 95.4 95.4 94.7 1.2 1.1 1.9 2.7 2.5 5.5 
Native American ............. 95.6 95.5 100.0 0.4 0.4 (°) 87.8 87.8 87.5 0.4 0.5 (3) 0.9 0.9 (3) 
Hispanic? ...............05. 95.6 95.8 93.4 1.2 1.0 3.2 92.6 92.5 93.5 1.4 1.5 0.8 2.6 2.5 4. 
(continued) 
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Labor force participation rate Unemployment rate S/E employment rate S/E underemployment rate S/E underutilization rate 
Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Percent 

Aeronautical’ 
asironautical .............. 94.7 94.5 98.7 0.4 0.4 1.3 94.3 94.4 91.1 0.6 0.5 3.5 1.0 0.9 48 
White ................... 94.3 94.1 98.6 0.5 0.4 1.4 94.2 94.3 91.0 0.4 0.3 3.1 0.9 0.7 45 
2 eer 100.0 100.0 100.0 (3) (?) (3) 86.4 87.3 75.7 7.6 6.3 24.3 7.6 6.3 24.3 
0 rrr ree 99.6 99.6 100.0 () (°) (3) 98.2 98.1 100.0 0.8 0.8 (3) 0.8 0.8 (3) 
Native American ........... 86.7 86.7 (3) (3) (°) (7) 100.0 100.0 (°) (3) (3) (3) (3) (°) (3) 
Hispanic? ................ 100.0 100.0 100.0 (°) (°) (3) 92.9 925 100.0 6.0 6.4 (3) 6.0 6.4 (3) 
Chemical .................. 89.1 89.1 89.8 2.6 25 4.0 88.2 87.9 92.3 1.9 1.8 3.2 45 4.3 7.1 
White ................... 88.6 88.6 89.1 2.6 2.5 3.6 89.1 88.7 94.1 1.8 1.8 2.3 43 4.2 5.8 
Se rere 99.0 100.0 94.3 1.9 0.9 6.6 43.6 40.7 59.0 6.2 3.4 21.0 8.0 4.3 26.2 
Asian .............2.055. 95.8 96.1 93.5 4.2 3.7 8.6 91.3 91.9 86.3 1.7 1.4 4.2 5.9 5.1 12.5 
Native American ........... 74.9 74.1 100.0 (°) (°) (3) 10.9 7.1 100.0 6.8 7.1 (3) 6.8 7.1 (3) 
Hispanic? ................ 99.7 99.6 100.0 6.8 7.7 2.2 92.0 93.8 83.7 0.6 0.7 (3) 7.3 8.4 (3) 
nibeeeueeeenedaseseues 92.3 92.2 95.0 1.7 1.6 3.6 92.1 92.1 92.4 1.2 1.0 6.3 2.9 2.6 9.7 
MD £6696044060060104%0 92.1 92.0 94.7 1.3 1.3 3.2 92.1 92.1 91.4 1.3 1.0 7.1 2.6 2.3 10.0 
ree eee 98.3 98.6 90.4 17.2 17.7 5.7 91.7 91.3 100.0 1.3 1.2 2.4 18.2 18.6 8.0 
Asian ................4.. 93.3 93.1 97.9 1.3 1.1 6.3 95.2 95.0 100.0 0.7 0.7 (3) 1.9 1.8 6.3 
Native American ........... 97.9 97.9 (°) (3) (°) (°) 95.7 95.7 (°) (3) (°) (3) (3) (°) (3) 
Hispanic? ................ 92.2 92.5 87.9 2.0 0.7 20.9 97.3 972 100.0 1.7 1.8 (3) 3.6 2.5 20.9 

Electrical/ 
electronics ............... 93.5 93.7 90.0 1.1 1.1 1.0 94.1 94.2 93.0 0.8 0.8 0.3 1.8 1.8 1.3 
BED oe ccccccccccccccece 93.2 93.3 90.9 1.0 1.0 0.7 94.1 94.1 92.8 0.7 0.8 (°) 1.7 1.8 0.7 
ries ececcescsaceroes 96.1 97.5 73.2 3.1 3.3 (3) 92.1 918 100.0 2.0 2.1 (3) 5.1 5.3 (3) 
MEE enccegncesccccccase 96.5 97.3 85.5 1.3 1.1 45 95.1 95.3 92.7 0.7 0.6 2.8 2.0 1.7 7.1 
Native American ........... 94.6 94.6 (°) (°) (°) (3) 90.4 90.4 (3) (3) (°) (3) (3) (3) (3) 
Hispanic? ................ 94.5 95.0 84.9 1.4 1.5 (3) 93.4 94.0 80.1 0.3 0.3 (3) 1.7 1.8 (3) 
(continued) 
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Labor force participation rate Unemployment rate S/E employment rate S/E underemployment rate S/E underutilization rate 
Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Percent 
industrial................... 96.1 96.0 97.0 1.1 1.1 1.4 82.2 81.6 91.6 1.2 1.1 3.0 2.3 2.2 43 
White ................... 95.8 95.8 96.7 1.1 1.1 1.6 81.3 80.8 91.1 1.1 1.0 28 2.2 2.1 43 
Black .................... 100.0 100.0 100.0 1.9 2.4 (3) 93.4 91.7 100.0 4.9 6.2 (3) 6.7 8.4 (3) 
Asian ................... 100.0 100.0 100.0 1.5 1.6 (3) 96.5 97.4 81.3 1.1 (3) 18.7 2.6 1.6 18.7 
Native American ........... 100.0 100.0 100.0 (3) (3) (3) 100.0 100.0 100.0 (3) (3) (3) (3) (3) (?) 
Hispanic? ................ 95.0 95.9 74.0 (3) (3) (3) 93.1 929 100.0 4.0 42 (3) 4.0 42 (3) 
Materials ................... 94.0 94.1 92.7 1.7 0.7 17.4 88.3 88.1 92.0 0.9 0.9 0.8 2.6 1.6 18.0 
White ................... 93.8 93.8 93.2 1.7 0.7 20.5 87.8 87.3 99.0 0.8 0.8 1.0 2.4 1.4 21.3 
DR coceccccccecececece 99.0 100.0 97.1 0.3 0.5 (3) 72.4 100.0 16.1 (3) (3) (3) 0.3 0.5 (7) 
DE cpsancusseeesstsess 95.6 97.0 77.0 2.3 2.0 6.9 97.1 97.0 100.0 3.4 3.6 (3) 5.6 5.5 6.9 
Native American ........... 100.0 100.0 100.0 (3) (3) (3) 100.0 100.0 100.0 (3) (3) (3) (3) (3) (3) 
Hispanic® ................ 96.3 93.3 100.0 0.5 1.0 (3) 96.1 92.8 100.0 (3) (3) (3) 0.5 1.0 (3) 
Mechanical ................. 91.2 91.1 93.2 1.3 1.3 25 92.1 92.0 96.5 1.1 1.1 1.8 24 2.4 43 
White ................... 90.7 90.7 92.5 1.3 1.3 25 91.9 91.8 96.6 1.0 1.0 1.9 2.3 2.3 43 
0 rere 97.4 97.1 100.0 1.2 0.6 6.4 95.6 95.9 93.0 0.6 0.7 (3) 1.8 1.2 6.4 
DE ncsbavcescsnesacexs 97.1 97.0 100.0 1.8 1.9 (3) 95.3 95.2 100.0 25 25 (3) 42 43 (3) 
Native American ........... 100.0 100.0 () (3) (3) (3) 89.0 89.0 (*) (°) (3) (3) (?) (°) (3) 
Hispanic? ................ 947 94.6 100.0 0.2 0.2 -3.0 87.3 87.2 90.3 1.4 1.2 9.7 1.6 1.3 9.7 
B Mining ..............0eeeee 93.7 93.6 96.0 2.2 2.2 1.0 86.1 85.6 97.6 1.6 1.6 0.7 3.8 3.8 1.7 
 kéaeecacvesncensess 94.1 94.0 95.7 2.2 2.2 1.0 85.7 85.2 97.4 1.6 1.6 0.8 3.7 3.8 1.8 
Black... 2... 2c ee ee eee 48 48 (>) (3) (°) (3) (?) (3) (7) 100.0 100.0 () 100.0 100.0 (3) 
ME <i 00606000000006948 97.9 97.9 (°) (°) (3) (3) 100.0 100.0 (?) (3) (3) (3) (3) (°) (3) 
Native American ........... 100.0 100.0 (°) 64.3 64.3 (3) 100.0 100.0 (3) (3) (3) (3) 64.3 64.3 (3) 
Hispanic? ................ 100.0 100.0 100.0 6.9 9.6 (3) 100.0 100.0 100.0 (3) (3) (3) 6.9 9.6 (3) 
DMs ccccesseseucceseese 97.8 98.1 89.0 1.0 1.0 1.4 97.5 97.5 98.1 0.4 0.3 0.5 1.4 1.4 1.8 
MD cococecenccececeees 97.7 98.1 88.4 1.0 1.0 0.8 97.4 97.4 97.9 0.3 0.3 0.5 1.3 1.3 1.4 
Mo cecescesscecseeeees 98.9 98.8 100.0 1.4 (3) 17.2 100.0 100.0 100.0 (3) (3) (3) 1.4 (3) 17.2 
TT eceansesesocecesess 98.7 98.9 76.9 0.5 0.5 (3) 99.2 99.2 100.0 0.6 0.6 (3) 1.1 1.1 (3) 
Native American ........... 100.0 100.0 (?) (3) (3) (3) 100.0 100.0 (3) (3) (3) (3) (3) (°) (3) 
Hispanic? ................ 95.7 100.0 81.0 2.2 2.7 (3) 85.2 81.7 100.0 2.3 2.8 (3) 4.4 5.5 (3) 
(continued) 
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Appendix table 3-7. (Continued) 


Field and racial/ethnic group Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Percent 
Petroleum .................. 95.3 95.3 95.2 3.4 3.2 6.9 92.9 93.5 84.6 2.0 1.9 44 5.4 5.0 11.0 
White ................... 95.6 95.6 96.0 3.0 2.7 76 92.7 93.0 86.4 22 2.0 5.0 5.1 46 12.2 
Black .................... 98.2 98.1 100.0 55 5.9 (°) 92.2 100.0 (7) (?) (*) (*) 55 5.9 (*) 
Asian ...............24.. 725 68.5 83.3 5.5 79 (*) 90.1 100.0 70.0 (°) @ (*) 55 73 (°) 
Native American ........... $2.0 91.9 100.0 (°) (°) (?) 100.0 100.0 100.0 (°) (*) (*) (*) i] (*) 
Hispanic? ................ 87.1 85.9 100.0 1.4 1.6 (*) 98.7 98.6 100.0 1.3 1 () 2.7 3.0 () 
Other engineers ............. 98.3 98.4 96.4 0.7 0.6 0.8 92.7 92.6 95.0 08 08 1.5 15 1.4 2.4 
White ................... 98.2 98.3 96.0 0.6 0.5 0.9 92.4 92.4 94.2 08 08 18 1.4 1.3 2.7 
a casedeeee eheseeees 99.2 99.0 100.0 0.4 0.5 93.7 $23 100.0 0.9 1.1 (?) 1.3 1.6 (?) 
TD oe0005050sees0e0eeee 99.2 99.3 98.2 0.7 0.6 1.2 96.5 96.3 98.7 08 (*) 15 15 12 
Native American ........... 100.0 100.0 100.0 1.6 1.7 (*) O44 95.4 72.9 (*) (*) (®) 1.6 1.7 (?) 
Hispanic? ................ 99.1 99.5 95.8 0.0 0.0 $2.3 91.4 100.0 1.6 1.7 (*) 1.6 1.8 () 
‘Detail will not add to total because racial and ethnic categories are not mutually exclusive and total employed includes other and no report. 
2includes members of all racial groups. 
5Too few cases to estimate. 
SOURCE: NSF, U.S. Scientist and Engineers: 1986. 
See figures 3-12 and 3-13. 
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Appendix table 3-8. Scientists and engineers as a 
percentage of total U.S. workforce: 1976-88 


Percent 
Di stdcnnedushemihuasoneaseusneseuceus ened 2.4 
ST dé treceuscdmnesiedeusesceeeusssseewes sues 25 
DT ccouncdscteabebensesedheadesessdveses ens 26 
SP 4 0050604ubeesesessnesicoudsoeseecueseee 29 
SD seecaensuseevedusaedesesecesdcacesseuads 3.3 
BE 664650 06664606660gsdbasnevesccecceceese 3.6 
IE EE eer rr 4.1 


SOURCES: NSF, U.S. Scientists and Engineers: 1988; Council of Economic 
Advisers, Economic Report of the President, (Washington, DC: Government Print- 
ing Office, 1989), p. 347. 

See figure 3-8. 
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Appendix table 3-9. Number of 1964 and 1985 science 
ewe. > 
in 1966, by field 


Bachelor's Master's 
Field 1984 1985 1984 1985 
Number 
WE cetecccccessccesss 35,600 41,900 8000 8,800 
Physical sciences ........ 700 200 100 100 
Mathematics ............ 3,900 3,600 400 400 
Computer science ........ 24,200 29,800 6,000 6,800 
Engineering ............. 3,700 3,100 1,200 # 1,100 
Environmental sciences . 100 100 100 100 
Life sciences ............ 400 400 1 100 
Social sciences .......... 1,900 4,000 200 200 
Psychology ............. 600 600 1 100 


‘Too few cases to report. 
Note: Detail may not add to totais due to rounding. 
Source: t\ SF, Characteristics of Recent Science and Engineering Graduates: } 986, 
NSF 87-21 (Washington, DC: NSF, 1987). 
See figure 3-15. 
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Appendix table 3-10. Selected employment characteristics of recent S/E bachelor’s and master’s 


degree recipients, by field and gender: 1986 
Labor force 

participation rate Unemployment rate § S/E employment rate 

Field and gender Bachelors Masters Bachelors Masters Bachelors Master's 
Total science and engineering ........ 98.1 97.9 3.5 2.1 63.8 84.3 
SM ntig 6s ee eesetecseedecesee 98.6 99.0 3.4 1.7 69.9 86.8 
Women ...............2-00005. 97.2 95.2 3.7 3.2 52.9 776 
Total sciences .................... 97.6 97.3 3.9 26 52.6 78.6 
Dt mheseeeeadecevseenceceses 98.0 98.9 4.0 22 56.1 81.1 
Women .................2005.5. 97.1 94.8 3.9 3.3 48.5 745 
Physical sciences ................. 97.0 96.4 2.0 1.4 68.0 85.7 
Pe neegeeecessecessvcecoeens 98.1 99.2 2.0 14 71.6 85.7 
Women ................. 2c eee 95.6 (?) 2.1 (?) 62.8 (?) 
Chemistry ..................005. 95.3 97.7 2.7 1.3 75.5 90.9 
as ¢pceeeescesseeseeesees 96.1 (?) 23 (?) 78.6 (?) 
Women ... 2.2... ... 22. cece eee 94.6 (?) 3.1 (2) 72.3 (?) 
Physics/astronomy ............... 98.6 (*) 2.4 (?) 80.2 (?) 
Dt tins seeneerdeeeceousssss 100.0 (?) 28 (?) 78.8 (?) 
ees 6eccccscedeceescece (?) (?) (?) (?) (?) (?) 
Other physical sciences ........... 100.0 (?) 0.2 (?) 39.1 (?) 
TE anecuseeegeseecesesesse 100.0 (?) 0.2 (?) 46.7 (?) 
Ss ccccccccccccccocesee 100.0 (?) 0.1 (?) 29.2 (?) 
Mathematics/statistics .............. 98.0 97.6 1.9 1.5 73.6 89.7 
PTT errr 98.2 99.4 2.3 1.4 71.4 88.9 
SEED cecccecccccccesocecsecs 97.7 94.5 1.6 1.6 75.7 91.1 
Computer science ................. 99.7 98.4 2.7 0.4 89.2 90.0 
SE bboncecececsesacssedsscess 99.6 99.0 29 0.3 88.7 89.5 
MEE. wc ccecccceonceseccecees 99.8 96.6 25 0.9 89.9 91.6 
Environmental sciences ............. 97.9 98.6 44 6.1 60.8 92.5 
ME eeeceecedcoesscesncesecsee 98.0 99.6 4.7 5.8 60.9 93.8 
Women .. 2... cece eee 97.6 (*) 3.2 (?) 60.5 (?) 
Life sciences ................0005. 95.8 97.4 49 42 56.7 80.6 
ME ececccscccevesecesessececs 96.6 98.8 3.8 4.0 60.7 82.3 
a 94.9 96.0 6.1 44 52.6 78.9 
BED sccccccccccccccseseseses 94.7 97.5 6.2 4.0 51.1 77.9 
ME gebeccncccasovascccoesee 95.0 99.6 49 5.0 53.1 76.2 
SP occ cccccccccsccccccsee 94.5 95.9 7.3 3.2 49.5 79.2 
Agricultural sciences ............. 98.0 97.2 2.3 46 67.8 85.7 
MED Secccccccccccccecccocecs 99.0 97.8 2.4 2.7 71.2 89.8 
GE o cc ceccsccsesccesccses 96.2 (?) 2.2 (?) 61.9 (?) 
Psychology ... 6.6... eees 95.6 96.5 5.3 44 26.1 67.3 
ME £60 cscccccsecesscecccesecs 98.5 (?) 8.4 (2) 28.0 (?) 
BEE cc ccccccccccccccceseses 94.3 94.7 3.8 2.9 25.2 69.6 
Social sciences .................5. 98.0 96.0 44 3.4 30.5 55.8 
BEE Ge eccesecececceceeoeccsecs 97.4 97.8 44 26 32.8 57.8 
WOMEN 22 eee ee 98.8 94.0 44 44 27.5 53.2 
ECOMOMICS . 2... cee ee 100.0 94.2 5.8 3.5 39.6 57.7 
BED eecccccesccssccococcscess 100.0 94.7 5.7 2.7 37.9 49.8 
Gv cccccccccccccesescese 100.0 (?) 6.1 (?) 43.9 (?) 
Sociology/anthropology ........... 96.0 94.8 10.9 49 31.0 39.6 
EE ecccccceccsscccccecscess 96.7 (?) 10.0 (2) 33.2 (?) 
CED ccc ccccccccccccccccccs 95.5 95.0 11.5 7.0 29.4 47.7 

(continued) 
253 


Appendix table 3-10. (Continued) 


Labor force 
participation rate Unemployment rate § S/E employment rate 
Field and gender Bachelors Masters JBachelors Masters Bachelors Master's 
Other social sciences ............. 97.2 974 +06 28 23.5 60.6 
ll cnshednhtenegeseeese ee 94.9 100.0 1.2 3.1 27.4 68.5 
Shs chsdbdboudarstccceess 100.0 93.7 (") 24 19.2 48.9 
Total engineering .................. 99.3 99.0 24 12 89.1 94.6 
ins secacneisinahsacseeseene 99.5 99.1 2.4 1.0 89.3 94.2 
SD = saculkeannoeseesedense 97.7 97.9 1.9 28 88.2 97.6 
AeronauticalV/astronautical ......... 99.1 (?) 1.9 (?) 86.0 (?) 
et ee ere 99.0 () 2.1 (?) 87.5 (?) 
Pe svédbesceacedessenses (?) (?) (?) (2) (?) (2) 
PED ocnnabedesoccececscese 98.9 99.0 3.2 3.3 85.8 94.8 
ih -sbheteabdesdeuageodeeses 99.7 96.8 3.4 1.9 86.2 94.7 
DRG cede Sécneensseradese 96.7 (?) 29 (?) 84.8 (?) 
BE cs sueatdacavecncbessoasees 99.5 96.5 23 19 92.7 95.5 
i ere 99.7 99.0 25 0.4 92.1 95.7 
Ss onddscceeépeotnece tes 97.9 (?) 1.1 (?) 96.6 (?) 
ElectricaVelectronics ............. 99.1 997 2.0 (") 91.9 96.8 
Dt abd Guth Choodeceeeteesse 99.4 99.7 2.4 (") 92.2 96.5 
eve bbédoeveccccocccsce 96.2 () 1.3 (?) 89.5 (?) 
DEE casceleséenesncocsooes 96.9 99.9 0.4 23 87.3 83.3 
Tl dd we bibdede obbesbecesece 100.0 ® 0.5 (?) 88.8 (?) 
Women .. oo. cccccceceee 95.2 (?) (1) (?) 81.8 (?) 
PEED Sodcesndcsiccovccocece 96.7 (7) 22 (?) 88.9 (?) 
SE chcnééshaerbeeessessosee 96.8 (?) 1.5 (?) 87.5 (?) 
Cc dudbbésdevoccccececees (*) (?) (?) (?) (?) (?) 
Mechanical... ..........6...0005. 100.0 99.7 26 1.3 90.3 96.5 
ME undone cecesceacsseqssece 100.0 99.7 26 1.4 89.7 96.6 
GD oc cb cescceccdécccocecs 100.0 (?) 28 (?) 95.6 (7) 
BEET weccceveccodesoccecicccs 97.5 (?) 5.7 (?) 81.8 (?) 
Mn ercgseseseseesesbooegece 97.0 (?) 6.6 (?) 83.7 (?) 
Sc ceca nctcedccccscecace (?) (?) (?) (?) (?) (?) 
BED 600nccunececscccocesose () (?) (?) (?) (?) (?) 
PT 40 o¢enesdvcccccocccesens (?) (?) (?) (?) (?) (?) 
Ps chaddsccecccccesooccs (?) (?) (?) (?) (?) (?) 
Petroleum . 2... cece e eens 100.0 (?) 8.5 (?) 88.3 (?) 
Ty seedegeseesccoccescoeces 100.0 (?) 72 (?) 90.4 (?) 
WOMON . ccc cece (?) (?) (?) (?) (?) (?) 
Other engineering ............... 99.1 97.4 22 2.1 81.2 90.4 
ME dbo gvasbdesacscocevccese 99.1 97.7 25 2.1 80.8 89.2 
Mer ceseddedédeesscecese 99.5 (?) 0.4 (?) 83.8 (?) 
S/E = Science and engineering. 
'No unemployment reported. 


2No rate computed for groups with less than 1500 in labor force. 
Note: Combined 1964/1985 graduates, exclusive of full-time graduate students. 
SOURCE: NSF, Characteristics of Recent Science and Engineering Graduates: 1986, NSF 87-321 (Washington, OC: NSF, 1987). 
See figure 3-14. 
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Recruitment index: 1961-89 
index 
(1961 = 100) 

MD coauccsceutcceuncesaecesacesscecees 100 
a 120 
SS 98 
se 88 
ME cucodevuaesdwaccenceeend6esekeseos 132 
OU cc ccusvecsscuseseseatdaesbesacevees 159 
BD cccicdccedieedsebesedeueesensesess 124 
ME ccauveveveeees«kceusneeseseavecseas 96 
ME sunnccceessdssaccdeedeseecdessoens BE 
SED chouvacneedusaeneeeheneeckeccenees 60 
ME cccosetceeedauensuaudsceseseesseces 44 
BE ccccacscesaesaruneacunnsabesecouns 63 
MN ccccucdancebéwouawauaeecanuececoes 97 
ED cccccccceccoccecceceuccceseccucces 101 
SEE acihcovccacunsieenneedawsdeeeceueds 69 
OE ckncecseeens<acuesewseedausetienss 88 
ST ciccuexnedededecvisececavseancee nes 115 
MD cuacvetboukecuacesaeddesdseencnces 140 
BE ccctecceeusaceetsneeusessseansnnes 145 
GD ceadccwacceucddedcacuneeddsuectecae 139 
Ge cncvhvcesdeeneeecécwacweceseceoces 136 
GE ccccveseveseeeessauseduetsseeeunee 104 
MD cvcckceunsccuseucaweeeceessecceucns 102 
GD ccoccccnceceesucacuvcudsdeeuceases 134 
SD iccckcccececeubneedeccesesceeecaen 113 
UD nkne0c00sséceveudctecseecchasncste 109 
GP cncceccnceccdeeesecescadcsececenes 117 
OE cn ncaosade4600600e00cceudtenseeesas 113 
GE ccccadcnaewkeccseeucescedssaeesaes 103 
‘Second quarter data. 


SOURCES: NSF, Deutsch, Shea, and Evans, High Technology Recruitment index 


Year End Review and Forecast (New York, 1963); and unpublished data. 
See figure 3-16. 
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Appendix table 3-12. Selected data on stock and tiows of the S/E workforce, by occupational 


group or field of degree: 1986 
Natural scientists, 
Total scientists and engineers, and computer Social and behavioral 


Number Percent © Number Percent |§ Number Percent 


Status of 1985 S/E employed 
workers in 1986 
Total 1985 ................... 3,514 100.0 3,136 100.0 378 100.0 
EmployedinS/E ............ 3,229 91.9 2,875 91.7 354 33.8 
Deceased.................. 28 0.8 26 0.8 3 0.7 
Unemployed................ 11 0.3 17 0.5 y , 
Emigrated ................. 15 0.4 12 0.4 4 1.0 
Employed in non-S/E ......... 132 3.8 119 3.8 13 3.5 
Out of workforce ............ $3 2.8 89 2.8 10 2.6 
Source of 1986 S/E employed 
workers 
Total 1986 ...............00.. 3,682 100.0 3,275 100.0 407 100.0 
1985 S/E employed carryover to 
Ci tceekoebenectecesses 3,229 87.7 2,875 87.8 354 87.1 
Total 1985 S/E graduates ..... 227 6.2 196 6.0 31 76 
U.S. citizens .............. 210 5.7 180 5.5 30 7.3 
Foreign citizens ........... 17 0.5 16 0.5 1 0.3 
Re-entrants to S/E employment . 172 4.7 152 4.6 20 49 
Direct immigration ........... 30 0.8 28 0.9 1 0.3 
Upgraded workers ........... 24 24 0 
Workforce status of S/E graduates 
by broad field of study” 
Wo 66600.0000666660200068 327 100.0 225 100.0 102 100.0 
Employed in S/E ............ 210 64.2 180 80.0 30 31.6 
Employed innon-S/E ......... 101 30.8 36 15.9 65 68.4 
Out of workforce ............ 10 3.0 5 2.2 5 5.3 
Unemployed ................ 6 2.0 4 2.0 2 2.1 
S/E = Science and engineering. 
‘There was a net reduction of 6 in S/E unemployment. 
2Excluding full-time graduate students. 
Notes: Data rounded to nearest thousand an< »rcentages are based on unrounded data. See text footnotes for definitions of methodology 
and cavea:s. 
SOURCE: NSF, Division of Science Resources Studies. 
See figure 3-23. 
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Appendix table 3-13. Nonacademic scientists and engineers per 10,000 labor 
force tor selected countr'zs, by g*:.der: most current years 


West United 
France Germany vanan United States 
(1982) (1985) (198:° (1981) (1986) 
Numbers of scientists anc engineers 
Scientists and engineers 387,860 621,500 1,514,200 585,190 3,583,300 
Male ................. 346,020 585,400 1,444,400 533,380 3,103,100 
Female............... 41,840 36,100 69,800 51,810 480,200 
Scientists ............. 139,980 114,100 389,900 219,740 1,393,000 
Male ............... 107,100 95,700 338,400 173,880 1,032,200 
Female ............. 32,880 18,400 51,500 45,860 3€:0,800 
Engineers ............ 247,880 507,400 1,124,300 365,450 2,190,400 
Male ............... 238,920 489,700 1,106,000 359,500 2,100,600 
Female ............. 8,960 17,700 18,300 5,950 89,800 
Scientists and engineers per 10,000 labor force 
Scientists and engineers 16" 223 254 219 300 
a Fee 146 210 242 199 260 
Female............... 18 13 12 19 40 
Scientists ............. 59 41 65 82 117 
Male .............. 45 34 57 65 86 
Femaie............. 14 7 9 17 30 
Engineers ............ 104 182 189 137 183 
Male ............... 101 176 185 134 176 
Female ............. 4 6 3 2 8 
Labor force ............. 23,743,000 27,844,000 59,634,000 26,740,000 119,540,000 


Notes: The number of scientists and engineers for France, West Germany, Japan, and the United Kingdom are estimaies 
prepared by the U.S. Bureau of the Census bas2d on published and unpublished census and survey data for the years 
shown. United Kingdom data excludes Northern Irland. Figures refer to scientists and engineers employed ir. S/E jobs. 
Figures may not sum due to rounding. Data by gende: for the United States are es": :.a.es. Labor force data are from 
the Organisation For Economic Co-operation and Develc pment; thus, the numbe. of scientists and engineers per 10,000 
labor force differs from data published in the Bureau of te Census reports ced below. 


SOURCES: Figures for West Germany, Japan, and the United Kingdom are from U.S. Bureau of the Census, Center 
for international Research, “Recent Data on Scientists and Engineers in industrialized Countries” (Washington, DC, 
1988). Data for France are from P.O. Way aru E. Jamison, Scientists and Engineers in industrialized Countries 
(Washington, DC: U.S. Bureau of the Census, Center for international Research, 1986). U.S. figures are from NSF. 
See figure 3-24. 
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Appendix table 3-14. Scientists and engineers in manufacturing for selected 
countries, 


by occupation group: most current years 


West United United 

France Germany Japan Kingdom States 

Occupation (1982) (1985) (1980) (1981) (1986) 
Percent 

Total scientists & engineers ... 100.0 100.0 100.0 100.0 100.0 

Scientists ................ 22.9 18.0 18.1 27.0 18.8 

Natural ................ 9.2 12.6 45 12.3 9.5 

Computer .............. 12.4 (") 13.5 14.1 9.2 

Social ..............05. 1.2 5.4 NA 0.6 0.1 

Engineers ............... 77.1 82.0 81.9 73.0 81.2 

ME wacabaceencseesess 3.5 3.2 1.6 1.3 0.9 

ElectricaVelectronic ...... 20.5 21.9 24.5 12.6 25.2 

industrial/mechanical ..... 53.1 56.8 55.9 59.0 55.1 


Note: NA = Not available. 

‘Systems analysts are included with natural scientists; computer engineers are included with electrical/electronic 
engineers. 

Notes: Figures for France, West Germany, Japan, and the United Kingdom are estimates prepared by the U.S. Bureau 
of the Census based on published and unpublished census and survey data for the years shown. United Kingdom data 
exclude Northern ireland. Figures refer to scientists and engineers employed in S/E jobs. Figures may not sum because 
of rounding. 

SOURCES: Figures for West Germany, Japan, and the United Kingdom are from U.S. Bureau of the Census, Center 
for international Research, “Recent Data on Scientists and Engineers in industrialized Countries” (Washington, DC, 
1988). Data for France are from P.O. Way and E. Jamison, Scientists and Engineers in Industrialized Countries 
(Washington, DC: U.S. Bureau of the Census, Center for international Research, 1986). U.S. figures are from NSF. 


See figure 3-25. 
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Appendix table 3-15. Nonacademic scientists and engineers in selected countries, by 
sector of employment: most current years 


West United United 
France Germany Japan Kingdom States 
Sector (1982) (1985) (1985) (1981) (1986) 
Scientist 
Percent 
WE pn keno o5es 640606000500 eesse 100.0 100.0 100.0 100.0 100.0 
Agriculture ........... 0.0.0.0 e eee, 0.4 0.2 NA 0.5 0.9 
Mining ............ 06. cece cece eee 2.0 (") NA 1.3 3.0 
Manufacturing .................... 14.1 43.0 8.4 31.8 19.8 
Construction ................0008- 0.5 0.9 0.7 0.7 0.1 
Wholesale and retail trade ........... 2.9 2.2 0.1 48 3.8 
Transportation, communications, and 
public utilities ................... 1.5 2.9 NA 5.5 3.0 
Services ........ 0... cc cee eee eee 418 39.7 89.3 45.3 45.6 
Government ...............0000ee 36.8 7.4 1.4 10.1 24.0 
ED 66405000000 004000068446465 NA 3.7 NA 0.1 NA 
Engineers 
Percent 
WD 6-000 60006 006655006 vanes cseees 100.0 100.0 100.0 100.0 100.0 
Agriculture .... 0... eee eee (2) 0.1 0.4 0.1 0.1 
MD 6b60sesbesedesietecesecses 3.7 (") 0.3 2.0 2.3 
Manufacturing ...............0005. 30.9 43.9 30.7 52.4 53.1 
Construction ..............0.0005. 7.9 10.5 18.2 9.7 3.2 
Wholesale and retail trade ........... 2.6 1.9 3.9 2.4 2.7 
Transportation, communications, 
and public utilities ................ 7.0 10.1 5.3 10.7 5.4 
Services ..............055. peeseds 20.9 21.0 37.3 17.0 20.9 
Government ...............00000ee 26.9 12.0 3.9 5.7 12.3 
Aliiother . 2.00.0. .cecceeeceeeee NA 0.5 NA 0.0 NA 
‘Data for mining are included under transportation, communications, and public utilities. 
2Less than 0.05 percent. 


Notes: Figures for France, West Germany, Japan, and the United Kingdom are estimates prepared by the U.S. Bureau of the 
Census based on published and unpublished census and survey data for the years shown. United Kingdom data exclude Northern 
Ireland. Figures refer to scientists and engineers employed in science and engineering jobs. 

SOURCES: Figures for West Germany, Japan, and the United Kingdom are from U.S. Bureau of the Census, Center for international 
Research, “Recent Data on Scientists and Engineers in industrialized Countries” (Washington, DC, 1988). Data for France are 
from P.O. Way and E. Jamison, Scientists and Engineers in industrialized Countries (Washington, DC: U.S. Bureau of the Census, 
Center for international Research, 1986). U.S. figures are from NSF. 


See figure 3-26. 
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Appendix table 3-16. Scientists and engineers engaged in R&D 


for selected countries: 1965-87 

West United United 

France Germany Japan Kingdom States 

Thousands 

OE cceeccauaceedeseseuss 42.8 61.0 117.6 49.9 494.6 
1966 .......... 20... ee eee 60.0 60.0 178.9 NA 521.1 
1967 ........ cee ee eee eee 52.4 64.5 138.7 NA 534.4 
1968 .............. 0c eee 54.7 68.0 157.6 52.8 550.4 
1969 ............. 0.02 cee. 57.2 74.9 157.1 NA 553.2 
1970 ........... cc cece e eee 58.5 82.5 172.0 NA 544.2 
SN avedss6e00nb0-050045¥«5 60.1 90.2 194.3 NA 523.8 
MN: ceeeesseeeeuseeaesens 61.2 96.0 198.1 76.7 515.3 
SD ose¢0s400sese840444000 62.7 101.0 226.6 NA 514.8 
ere 64.1 102.5 238.2 NA 520.8 
SE 6-6:666004 0640000444444 65.3 103.7 255.2 80.5 527.7 
ME 646654445400n0000<683 67.0 104.5 260.2 NA 535.6 
OU 60040ea0es600%00ens es 68.0 111.0 272.0 NA 561.0 
MD 6eauveunteeceevcesens 70.9 113.9 273.1 87.7 587.0 
ee 72.9 116.9 281.9 NA 614.8 
19BO ..... cee eee eee 74.9 120.7 302.6 NA 651.7 
1981 2.0... ee eee 85.5 124.7 317.5 95.7 683.7 
GE vescbeeddcnescéessces 90.1 127.7 329.7 NA 702.8 
OD cteccensvdeeeeesdnces 92.7 130.8 342.2 94.1 722.9 
1984 2... eee cee 98.2 137.1 370.0 96.3 746.3 
MD cdcedeceeeeedseaavsse 102.3 143.6 381.3 98.0 772.5 
1986 2... ees 105.1 146.6 405.6 98.7 802.3 
Oy 06000606000046064004% 108.2 151.5 418.3 NA NA 


NA = Not available. 


Notes: Table includes ail scientists and engineers engaged in R&D on a full-time basis except (1) Japan, whose data 
include persons primarily employed in R&D in the natural sciences and engineering; and (2) the United Kingdom, whose 
data include only the government and industry sectors. The figures for West Germany increased in 1979 in part because 
of increased coverage of small and medium enterprises not surveyed in 1977; data starting with 1979 were revised in 
1988 using improved methodologies. The figures for France increased in 1981 in part due to a re-evaluation of university 
research efforts. Data are estimated by NSF for the following countries and years: France, 1986 and 1987; West 
Germany, 1978, 1980, 1982, 1984, 1986, and 1987; United Kingdom, 1984. 


SOURCES: NSF; Organizatioi ior Economic Co-operation and Deve.opment; and national data. 
See figure 3-27. 
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Appendix table 3-17. Nonacademic scientists and engineers in selected countries, 


by age group: most current years 
West United United 
France Germany Japan Kingdom States 
Age group (1982) (1985) (1985) (1981) (1986) 
Percent 
Sh ciuhindes ed anes sends 100.0 100.0 100.0 100.0 100.0 
Under 35 years of age ...... 30.0 30.3 48.5 47.3 32.9 
35-54 0. ee eee eee 58.0 56.0 449 41.0 49.0 
Over 55 ..............0.. 12.0 13.6 6.7 11.8 18.1 


Notes: Figures for France, West Germany, Japan, and the United Kingdom are estimates prepared by the U.S. Bureau 
of the Census based on published and unpublished census and survey data for the years shown. United Kingdom data 
exclude Northern ireland. Figures refer to scientists and engineers employed in S/E jobs. Figures may not sum because 
of rounding. U.S. data are for academic and nonacademic scientists and engineers, and exclude those respondents for 
whom no age was reported. 

SOURCES: Figures for West Germany, Japan, and the United Kingdom are from U.S. Bureau of the Census, Center 
for International Research, “Recent Data on Scientists and Engineers in Industrialized Countries” (Washington, DC, 
1988). Data for France are from P.O. Way and E. Jamison, Scientists and Engineers in Industrialized Countries 
(Washington, DC: U.S. Bureau of the Census, Center for international Research, 1986). U.S. figures are from NSF. 


See figure 3-28. 
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Appendix table 3-18. First university degrees for selected countries, 


by major field of study: 1986 
West United 
France’ Germany Japan aan States 
Number of degrees 
Alifields ................0.. 52,728 63,866 376,260 72,000 1,074,785 
Natural science and engineering 25,043 21,584 99,668 29,100 213,971 
Natural science ........... 11,321 10,766 12,814 17,500 122,170 
Engineering .............. 13,722 8,477 73,316 10,300 77,061 
Agriculture ............... (?) 2,341 13,538 1,300 14,740 
Allothers .................. 27,685 42,282 276,592 42,900 860,814 
Percentage distribution among fields 
Allfields ................... 100.0 100.0 100.0 100.0 100.0 
Natural science and engineering 475 33.8 26.5 40.4 19.9 
Natural science ........... 21.5 16.9 3.4 24.3 11.4 
Engineering .............. 26.0 13.3 19.5 14.3 7.2 
Agriculture ............... (?) 3.7 3.6 1.8 1.4 
ED b0e006000sse0esess 52.5 66.2 73.5 59.6 80.1 
As a proportion of the 22-year-old population 
Alifields ................... 6.1 5.9 22.6 7.4 25.9 
Natural science and engineering 2.9 2.0 6.0 3.0 5.2 
Natural science ........... 1.3 1.0 0.8 1.8 2.9 
Engineering .............. 1.6 0.8 4.4 1.1 1.9 
Agriculture ............... (?) 0.2 0.8 0.1 0.4 
Allothers ................0. 3.2 3.9 16.6 4.4 20.7 
22-year-old population ....... 871,000 1,088,000 1,668,000 975,000 4,152,000 


‘Data for France are based on maitrise degrees and engineering degrees. French engineering degrees are equivalent 
to U.S. master's degrees. 


2included in natural sciences. 

Note: Natural sciences include physical sciences,’ .ogical sciences, and mathematics. 

SOURCES: U.S. data are from NSF; Japanese, Ministry of Education; West German, Statistisches Bundesamt; U.K., 
University Grants Committee, and French, Ministry of Education. 


See figure O-' 1 Overview. 
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RR ee ee ee ee a ee 
for selected countries: 1965-86 


Scientists and engineers engaged in R&D per 10,000 labor force Labor force 
West United United West United United 
France Germany Japan Kingdom States France § Germany Japan Kingdom States 
Percent Thousands 
1965 ........... 21.0 22.6 24.6 19.6 64.7 20,365 27,034 47,870 25,498 76,401 
1966 .......... 29.2 22.3 26.4 NA NA 20,534 26,962 48,910 25,632 77,892 
1967 .......... 25.3 24.4 27.8 NA NA 20,678 26,409 49,830 25,490 79,565 
1968 .......... 26.2 25.9 31.1 20.8 67.9 20,861 26,291 50,610 25,378 80,990 
1969 .......... 27.1 28.2 30.8 NA 66.6 21,095 26,535 50,980 25,375 82,972 
1970 .......... 27.3 30.8 33.4 NA 64.1 21,415 26,817 51,530 25,308 84,889 
1971 .......... 27.9 33.4 37.5 NA 60.6 21,578 27,002 51,860 25,207 86,355 
Si aceveceses 28.2 35.6 38.1 30.4 58.0 21,738 26,990 52,000 25,264 88,847 
ibcescececss 28.5 37.1 42.5 NA 56.4 22,022 27,195 53,260 25,612 91,203 
1974.......... 28.8 37.8 44.9 NA 55.6 22,260 27,147 53,100 25,659 93,670 
GD cccecescic 29.2 38.6 47.9 31.1 55.3 22,353 26,884 53,230 25,893 95,453 
1976 .......... 29.6 39.2 48.4 NA 54.7 22,605 26,651 53,780 26,111 97,826 
1977 .......... 29.7 41.8 49.9 NA 55.7 22,910 26,577 54,520 26,224 100,665 
1978 .......... 30.7 42.7 49.4 33.3 56.5 23,062 26,692 55,320 26,357 103,882 
Ge bc déccnces 31.4 43.4 50.4 NA 57.7 23,243 26,923 55,960 26,628 106,559 
1980 .......... 32.1 44.3 53.6 NA 60.0 23,369 27,217 56,500 26,840 108,544 
1981 .......... 36.3 45.5 55.6 35.8 61.9 23,530 27,416 57,070 26,740 110,315 
TD cceceeness 37.9 46.4 57.1 NA 62.8 23,743 27,542 57,740 26,678 111,872 
1983 .......... 39.1 47.4 58.1 35.4 63.8 23,714 27,589 58,890 26,594 113,226 
1984 .......... 41.1 49.6 62.4 35.5 64.7 23,867 27,629 59,270 27,090 115,241 
1906 .......... 42.8 51.6 63.9 35.5 65.9 23,902 27,844 59,634 27,624 117,167 
Gc cccccsces 43.8 52.3 67.4 35.5 66.2 24,009 28,024 60,200 27,771 119,540 
NA = Not available. 


Notes: Table includes all scientists and engineers engaged in R&D on a full-time equivalent basis except Japan, whose data include persons primarily employed in R&D in 
the natural sciences and engineering and all higher education science and engineering faculty. The United Kingdom data include only the government and industry sectors. 
The “qures for West Germany increased in 1979 partially because of increased coverage of small medium enterprises not surveyed in 1977; starting with 1979, data were 
reviseo in 1988 using improved methodologies. The figures for France increased in 1981 in part due to a re-evaluation of university research efforts. Data are NSF estimates 
for the following countries and years: France, 1986 and 1987; West Germany, 1978, 1980, 1982, 1964 1986, and 1987; United Kingdom, 1984. 
SOURCES: NSF; Organization for Economic Co-operation and Development; and national data. 
See figure O-6 in Overview. 
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Appendix table 4-1. GNP implicit price defiators and GNP: 1960-90 


GNP implicit price defiators GNP 
Calendar year Fiscalyear Calendar year Fiscal year 

—Billions of dollars— 
1960 ...... cece eee eee 0.3095 0.3111 515.3 507.8 
SE secccceuseeeseauseues 7.3124 0.3144 533.8 519.0 
re ere ').3194 0.3200 574.7 556.7 
1963 ........ cece eee eee 0.3240 0.3258 606.9 588.6 
ME cnceeeeeeedassseeeeks 0.3293 0.3305 649.8 629.4 
SE 00050 se08e600duedeese 0.3378 0.3375 705.1 673.6 
1966 2.0... cece eee eee 0.3496 0.3474 772.0 740.5 
OEE 06icseccdudeeveseeses 0.3594 0.3593 816.4 793.6 
1968 ...... cece eee eee 1.3773 0.3719 892.7 852.4 
1969 2.0... cece eee eee 0.3978 0.3920 964.0 929.5 
SD écseeeesees00s008400% 0.4203 0.4148 1,015.5 990.5 
1971... cece eee eee 0.4432 0.4366 1,102.7 1,057.1 
SE 6ecueebtexcceceessases 0.4649 0.4606 1,212.8 1,151.2 
BT gadecedecedsdscceuvas 0.4954 0.4835 1,359.3 1,285.5 
1974 2... ccc ccc eees 0.5396 0.5216 1,472.8 1,417.0 
1975 0. ce eee eee 0.5931 0.5752 1,598.4 1,523.5 
OD cteccdanneseecncenens 0.6307 0.6208 1,782.8 1,699.6 
sh) 0.6728 0.6703 1,990.5 1,935.8 
GD 600600ese0000e0sseens 0.7222 0.7172 2,249.7 2,173.4 
17M nc cece eee 0.7857 0.7790 2,508.2 2,452.2 
1980 0... ccc cece eens 0.8572 0.8474 2,732.0 2,667.7 
GD 6045e000seevensenees 0.9396 0.9321 3,052.6 2,986.2 
1982 2... ccc cece ees 1.0000 1.0000 3,166.0 3,141.5 
GE tcceeveedcaetetecseces 1.0386 1.0423 3,405.7 3,322.4 
1984 2... ccc ee ees 1.0773 1.0819 3,772.2 3,695.7 
ee 1.1095 1.1153 4,014.9 3,950.9 
ee 1.1393 1.1458 4,240.3 4,191.1 
19B7 oo c ccc eee eee 1.1767 1.1824 4,526.7 4,437.2 
GD sceseeeecceeceseesess 1.2120 1.2173 4,826.4 4,740.4 
GN b0d50n005000000066000 1.2589 1.2638 5,170.2 5,071.8 
GE 48600006 0000040600060 1.3038 1.3095 5,531.7 5,429.0 


Note: Calendar year defiators were taken directly from sources cited below. Fiscal year defiators were calculated 
from quarterly data in the same sources. 


SOURCES: NSF, Division of Science Resources Studies; U.S. Department of Commerce, Survey of Current 
Business and Commerce News; Executive Office of the President, Office of Management and Budget. 
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Appendix table 4-2. R&D, by performer and source: 1960-89 


and 
Total Federal' Total Federal industry Total Federal Industry colleges Nonprofits FFRDCs® Total Federal industry Nonprofits 
Millions of current dollars 
1960 ... 2.2... eee eee eee 13,523 1,726 10,509 6,081 4,428 646 405 40 149 52 360 282 166 48 68 
MN 6554 0066e0e600ceb00004086 14,316 1,874 10,908 6,240 4,668 763 500 40 165 58 410 361 226 49 86 
Rn 604 664000660060860000068 15,394 2,098 11,464 6,435 5,029 904 613 40 185 66 470 458 295 54 109 
Perr err rere 17,059 2,279 12,630 7,270 5,360 1,081 760 41 207 73 530 539 365 55 119 
i cbsecusecerececesneueeves 18,854 2,838 13,512 7,720 5,792 1,275 917 40 235 83 629 600 433 55 112 
Di crithacenteckdsusveseees 20,044 3,093 14,185 7,740 6445 1,474 1,073 41 267 93 629 663 477 62 124 
iboveseei600d4es5c00000ee4 21,846 3,220 15,548 8,332 7,216 1,715 1,261 42 304 108 630 733 525 70 138 
DN £:406646646046060060008006 23,146 3,396 16,385 8365 8,020 1,921 1,409 48 345 119 673 771 552 74 145 
ee ere 24,605 3,494 17,429 8560 8869 2,149 1,573 55 390 131 719 814 582 81 151 
Ws o6nceeccdscedesacesseaceess 25,631 3,503 18308 8,451 9,857 2,225 1,600 60 420 145 725 870 616 93 161 
0 rere er rrr ee 26,134 4,079 18,067 7,779 10,288 2335 1,648 61 461 165 737 916 649 95 172 
8 DN hiseeegnedxbeesesenéendan 26,676 4,228 18,320 7,666 10,654 2500 1,724 70 529 177 716 912 630 98 184 
CMa cicuepessaunveseséeeesas 28,477 4,590 19,552 8,017 11,535 2630 1,795 74 574 187 753 952 653 101 198 
1973 2.2 eee ees 90,718 4,762 21,249 8145 13,104 2884 1,985 84 613 202 817 1,006 690 105 211 
1974 2. eee 32,864 4,911 22,887 8220 14667 3,023 2,032 96 677 218 865 1,178 822 115 241 
Sie oceuuevevesseseeaudeeese 35,213 5,354 24,187 8605 15,582 3,409 2,288 113 749 259 987 1,276 875 125 276 
errr rrr rrr rer ee 39,018 5,769 26,997 9561 17.436 3,729 2,512 123 810 284 1,147 1,376 925 135 316 
DT cducee bectesedeueweueaces 42,783 6,012 29,825 10,485 19,340 4,067 2,726 139 888 314 1,384 1,495 987 150 358 
ee ere 48,129 6,811 33,304 11,189 22115 4625 3,059 170 1,037 359 1,717 1,672 1,100 165 407 
rr 54,933 7,417 36,226 12,518 25,708 5,361 3,595 194 1,198 374 1,935 1,994 1,350 180 464 
1980 2. cece 62,594 7,632 44,505 14,029 30,476 6,061 4,096 238 1,326 401 2,246 2,150 1,450 200 500 
1981 2. eens 71,866 8425 51,810 16,382 35,428 6845 4,561 293 1,555 436 2,486 2,300 1,550 225 525 
SN 6005.0460000666664094000804s 79,364 9,141 57,995 18483 39,512 7,324 4,759 339 1,735 491 2,479 2,425 1,650 250 525 
19B3 oc eee ees 87,280 10,582 63,403 20,542 42,861 7,883 4,980 388 1,936 579 2,737 2,675 1,850 275 550 
19B4 0 cece ee 97,793 11,572 71,470 23,162 48,308 8623 5,425 474 2,107 617 3,118 3,010 2,100 325 585 
1985 0c cee eee 107,757 12,945 78,269 26,830 51,439 9,694 6,064 559 2,377 694 3,529 3,320 2,300 360 660 
1986 00 cece eee eee 1%? ../ 13,535 80,631 27,783 52,848 10,926 6,713 692 2,789 732 3,900 3,505 2,400 410 695 
1987 (prel.) .... 0.66. cece eens 118,782 13,413 85,500 30,000 55,500 12,082 7,326 777 3,145 834 4,202 3,585 2,350 445 790 
CED dc seteeescecdccceees 126,115 14,500 90,600 31,500 59,100 13,000 7,600 850 3,470 880 4400 3,615 2,300 480 835 
1989 (est.) .... 0.0... eee eee 132,350 14,750 95,350 32,750 62,600 13,900 8,250 920 3,800 930 4,650 3,700 2,300 515 885 
(continued) | 


Appendix table 4-2. (Continued) 


and 
Total Federal’ Total Federal industry Total Federal industry colleges Nonprofits FFRDCs’ Total Federal industry Nonprofits 
Millions of constant 1982 dollars‘ 

Mess ssnecaeernveuenecesaeaea 43,693 5,577 33,955 19,648 14,307 2,087 1,309 129 481 168 1,163 911 536 155 220 
SN 64 0h00006040454040000840480 45,826 5999 34,917 19974 14942 2442 1,601 128 528 186 1,312 1,156 723 157 275 
Cs gheeevereessdenssetesess 48,197 6569 35,892 20,147 15,745 2830 1,919 125 579 207 1,472 1,434 924 169 341 
NG hoeenseensewnsessesonees 52,651 7,034 78,981 22438 16543 3,336 2,346 127 639 225 1636 1,664 1,127 170 367 
Cknesbdgeekdesusseessesies 57,255 8618 41,032 23,444 17,589 3,872 2,785 121 714 252 1,910 1,822 1,315 167 340 
cresessegeeesseteeedecens 59,337 9,156 41,992 22913 19,079 4364 3,176 121 790 275 1862 1,963 1,412 184 367 
Di seicdaeseececssessscucens 62,489 9,211 44474 23,833 20,641 4906 3,607 120 870 309 1,802 2,097 1,502 200 395 
 cbtbeeeeueseseeeessheeees 64,402 9,449 45,590 23,275 22,315 5345 3,920 134 960 331 1873 2,145 1,536 206 403 
es 6564404660506408405 00008 65,213 9,261 46,194 22,688 23,506 5696 4,169 146 1,034 347 1,906 2,157 1,543 215 400 
WN 606 bes eesennedsnesisuees 64,432 8806 46,023 21,244 24779 5593 4,022 151 1,056 365 1,823 2,187 1,549 234 405 
6 60 466064040040060400085 62,179 9,705 42,986 18508 24478 5556 3,921 145 1,097 393 1,754 2,179 1,544 226 409 
Sl céveeceeneseuceseceveaces 60,108 9,527 41,280 17,274 24,006 5633 3,885 158 1,192 399 1,613 2,055 1,420 221 415 
SN 6 090455404 66n00nkbenseonees 61,254 9873 42,056 17,245 24812 5,657 3,861 159 1,235 402 1,620 2,048 1,405 217 426 
6 6 06466066055600554000060 62,006 9,612 42,893 16441 26,451 5822 4,007 170 1,237 408 1,649 2,031 1,393 212 426 
Perr rrr rrr rT rrr ee 60,904 9,101 42,415 15,234 27,181 5602 3,766 178 1,255 404 1,603 2,183 1,523 213 447 
GN 6ectssschesacesadsseseess 59,371 9,027 40,781 14,509 26,272 5,748 3,858 191 1,263 437 1,664 2,151 1,475 211 465 
& CN 0660 60.06000066406044006006 61,865 9,147 42,805 15,159 27.645 5912 3,983 195 1,284 450 1819 2,182 1,467 214 501 
Cl ¢ccegeseueecepabacseeeeut< 63,589 8936 44,330 15,584 28,746 6045 4,052 207 1,320 467 2,057 2,222 1,467 223 532 
errr rrr rer rrr rrr 66,642 9,431 46,115 15,493 30622 6404 4,236 235 1,436 497 2,377 2,315 1,523 228 564 
Ge sneeeeuéncesecksncueness 69,916 9,440 48,652 15.932 32,720 6823 4,576 247 1,525 476 2463 2,538 1,718 229 591 
Ss kxceecsccddcncerersesness 73,021 8,903 51,919 16,366 35,553 7,071 4,778 278 1,547 468 2,620 2,508 1,692 233 583 
 PPrrrrrecr rrr eT 76,486 8967 55,140 17,435 37,705 7,285 4,854 312 1,655 464 2,646 2,448 1,650 239 559 
SN 6 eccdddesauedssisncesanes 79,364 9,141 57,995 18483 39,512 7,324 4,759 339 1,735 491 2,479 2,425 1,650 250 525 
CP ccccsenccesesceceseccenes 84,036 10,189 61,047 19,779 41,268 7,590 4,795 374 1,864 557 2,635 2,576 1,781 265 530 
Ga 64500 6ndenGeesseceeveanues 90,776 10,742 66,342 21,500 44842 8004 5,036 440 1,956 573 2,894 2,794 1,949 302 543 
6 bn000 6e0esereecuswesesue 97,122 11,667 70,544 24182 46,362 8,737 5,466 504 2,142 626 3,181 2,992 2,073 324 595 
6 e606eenceusbeesecesesess 98,742 11,880 70,772 24,386 46,386 9590 5,692 607 2,448 642 3,423 3,076 2,107 360 610 
, 1987 (prel.) 0... 6c ccc eee eee 100,945 11,399 72,661 25,495 47,166 10,268 6,226 660 2,673 709 3,571 3,047 1,997 378 671 
GERD cccccccccccccccccces 104,055 11,964 74,752 25,990 48,762 10,726 6,436 701 2,863 726 3,630 2,983 1,898 396 689 
GEE ccccccccecccsocecece 105,131 11,717 75,741 26,015 49,726 11,041 6,553 731 3,019 739 3,694 2,939 1,827 409 703 


‘Total tunds used by Federal Government from Federal sources. 

2Expenditures in federally tunded research and development centers (FF RDC) administered by industry or nonprofit institutions are included in the totals for the respective sector. 
3FFROCs administered by universities and colleges and by university consortia. 

“See appendix table 4-1 for GNP implicit price deflators used to convert current doliars to constant 1982 dollars. Current dollars will differ slightly from source document. 

Note: Data based on annual reports by performers except for the nonprofit sector, for which data are estimated. 

SOURCES: NSF, Nationa! Patterns of R&D Resources: 1989, NSF 89-308 (Washington, DC: NSF, 1989); and unpublished tabulations. 


See figures 4-1 and 4-2, figure O-19 in Overview, and text table 4-1. 
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Appendix table 4-3. National expenditures for development, by performer and source: 1960-89 


Industry* Universities and colleges Nonprofit institutions? 


Uriversities 
and 
Total Federal' Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs* Total Federal Industry Nonprofits 


| 
Millions of current dollars 
| 


OE sak ees RRR AO eee 9,306 971 8,104 5,169 2,935 34 18 3 11 2 141 56 36 10 10 
ee 9.850 1,034 8536 5,347 3,189 35 20 2 11 2 160 85 61 10 14 
GN ec ce cavasnkvakeweaaxudies 10,005 1,145 8,527 5,281 3,246 40 23 2 13 2 179 114 85 11 18 
GE ve awake awe Mae nwee nese en 11,352 1,309 9,651 6,116 3,535 40 22 2 14 2 201 151 120 11 20 
GD in wwe we 5s neo anes ua en Sans 12,437 1,621 10,363 6,515 3,848 40 22 2 14 2 236 177 148 11 18 | 
1965... eee 13,150 1,739 10,935 6,516 4,419 57 37 2 15 3 217 202 170 12 20 | 
1966... eee ee 14,431 1,838 12,081 7,120 4,961 84 59 2 18 5 196 232 195 14 23 | 
1967 20 eee 15.310 1,934 12,841 7,097 5,744 90 63 2 20 5 204 241 202 15 24 
SN oo naea e650 440 oR eee OK 16,178 1,952 13,663 7,337 6,326 96 68 3 17 8 212 255 213 16 26 
GD cs vee wee ee du nus cdwaceewns 16,874 1,857 14403 7,276 7,127 107 75 5 17 10 240 267 221 18 28 

te GD 6664564664 K UGE REESE WHE EDO 16,865 2,175 14,038 6,572 7,466 112 84 5 13 10 252 288 240 18 30 

$ a, a re 17,265 2,340 14,315 6,558 7,757 112 83 5 14 10 246 252 200 19 33 
eee 18,664 2605 15,445 6.935 8,510 84 55 3 19 7 288 242 188 19 35 
1973... ee eee 20,175 2,674 16,793 7,020 9,773 118 70 4 33 11 294 296 238 20 38 
1974... ee eee 21,331 2,641 17,900 7,032 10868 #133 71 6 42 14 297 360 297 21 42 
ere eeeuNes 22,663 2,890 18,887 7,318 11,569 148 78 7 47 16 335 403 330 22 51 
1976... eee eee 24,905 2,890 21,066 8176 12890 164 87 a 52 16 371 414 330 23 61 
OT bcas.ccceehcaee eeananans oe 27,397 3,054 23,278 8950 14,328 200 112 14 58 16 413 452 352 27 7 
Re 30,736 3,590 25969 9509 16460 236 122 15 78 21 444 497 380 30 87 
CN og 0 wa4eeckbaandeaaneaneeas 35,149 3,936 29.843 10698 19,145 284 160 16 85 23 482 604 470 35 ga 
1980... eee eee 40,287 3,966 34,730 11,839 22,891 342 209 16 90 27 584 665 520 40 105 
rr ee 45,592 4,391 29,497 13,741 25,756 388 225 21 111 31 621 695 540 45 110 
CE odecadesednecewkbuadaawe 50,643 4947 43,940 15,153 28,787 423 235 25 127 36 588 745 575 50 120 
1983... eee 55,568 5872 47,746 16,465 31,281 443 245 26 132 40 652 855 670 55 130 
ee 63,128 6,808 53,967 18509 35,458 488 270 32 144 42 815 1,050 850 65 135 
WN 6 0 0kk0404.6504544444006088 69,469 7,889 58,732 21,073 37,659 586 320 41 174 51 1,027 1,235 1,000 75 160 
1986 20 eee eee 74,101 8375 62,452 23,574 38,878 715 380 55 222 58 1,189 1,370 1,100 90 180 
1987 (prel.) ...............2... 77,839 7,975 66,500 25,600 40900 #767 400 60 243 64 1,292 1.305 1,000 95 210 
1988 (est.) .........0..000200005. 82,700 8,880 70,450 26,900 43,550 820 420 65 265 70 1,330 1,220 900 100 220 
1989 {est.) ........2...0.20002.. 86,480 8980 74,000 27,900 46,100 870 440 70 290 70 1400 1,230 900 105 225 

(continued) 
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Appendix table 4-3. (Continued) 


industry* Universities and colleges Nonprofit institutions® 


Universities 
and 
Total Federal’ Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs* Total Federal industry Nonprofits 


on : Millions of constant 1982 dollars 


GR 6 boy rwek ews sea eae eee neh 29,913 3,121 26,050 16615 9434 109 58 10 35 453 180 116 32 


6 32 
WD nb yom eu tena wee pes baae ce 31,330 3,289 27,150 17,007 10,143 111 64 6 35 6 509 270 194 32 45 
ee 31,266 3,578 26,647 16503 10,144 125 72 6 41 6 559 356 266 34 56 
ND ek oe cance exe sesencexs 34,843 4018 29,622 18,772 10850 123 68 6 43 6 617 463 368 34 61 
ee 37,631 4,905 31,356 19,713 11,643 121 67 6 42 6 714 536 448 33 54 
GD 6 iss es sadness auhsckns aes 38,963 5,153 32,400 19,307 13,093 169 110 6 44 9 643 599 504 36 59 
ED v5.54 ue Ss asec svaeeweas 41.540 5,291 34,775 20,495 14,280 242 170 6 52 14 564 668 561 40 66 
0 eee ee 42.611 5383 35,739 19,752 15,987 250 175 6 56 14 568 671 562 42 67 
ere er ree 43,501 5,249 36,738 19,728 17,010 258 183 8 46 22 570 686 573 43 70 
0 ee eS ere 43,046 4,737 36,742 18,561 18,181 273 191 13 43 26 612 681 564 46 71 
NE hays ns caw enon we ew cay pes 40,658 5,243 33,843 15,844 17,999 270 203 12 31 24 608 694 579 43 72 
ee er ere 39,544 5360 32,787 15,021 17,767 257 190 11 32 23 563 577 458 44 76 
ee ree 40,521 5,656 33,532 15,056 18476 182 119 7 41 15 525 525 408 41 76 
eee ee ee rer ee 41,727 5531 34,732 14519 20,213 244 145 8 68 23 608 612 492 41 79 
ee Pee eee ee ee eee 40,895 5,063 34,317 13,482 20,836 255 136 12 81 27 569 690 569 40 81 
SD vin ee ade eeseeesenosueuys 39,400 5,024 32,836 12,723 20,113 257 136 12 82 28 582 701 574 38 89 
GN osene cane vacseveuss rey sss 40,118 4,655 33,934 13,170 20,764 264 140 14 84 26 598 667 532 37 98 
OT oes eet eueae sea eexeeetes 40,873 4,556 34,728 13,352 21,376 298 167 21 87 24 616 674 525 40 109 
0 eer ere er eer er 42,856 5,006 36,209 13,259 22,950 329 170 21 109 29 619 693 530 42 121 
GD vs bn dave vscuneansexswesns 45,121 5,053 38,309 13,733 24576 365 205 21 109 30 619 775 603 45 127 
See eee 47,542 4,680 40,984 13,971 27,013 404 247 19 106 32 689 785 614 47 124 
CE 5.9.5 005 5.0405.004000.450084008 48,913 4,711 42,374 14,742 27,632 416 241 23 119 33 666 746 579 48 118 
Serre er rrr se 50,643 4,947 43,940 15,153 28,787 423 235 25 127 36 588 745 575 50 120 
Severe rere rer Ter 53,313 5,634 45,808 15,797 30,012 425 235 25 127 38 626 820 643 53 125 
WD 6.00.46.46554000 6408655840005 58,349 6293 49,882 17,108 32,774 451 250 30 133 39 753 971 786 60 125 
SN ae N an eenceeusaeesenn cans 62,287 7,073 52,660 18894 33,766 525 287 37 156 46 921 1,107 897 67 143 
PPP rererrr reer errs 64,672 7,309 54,505 20574 33,931 624 332 48 194 51 1,038 1,196 960 79 157 
_  g | BEPPPRTrerererreece 65,831 6,745 56,242 21,651 34591 649 338 51 206 54 1,093 1,104 846 80 178 
eee ee 67,937 7,295 57,874 22,098 35,776 674 345 53 218 58 1,093 1,002 739 82 181 
ree 68,429 7,106 58,554 22,076 36,477 688 348 55 229 55 1,108 973 712 83 178 


‘Total funds used by Federal Government from Federal sources. 
2Expenditures in federally funded research and development centers (FF RDC) administered by industry or nonprofit institutions are included in the totals for the respective sector. 
3FFRDCs edininistered by universities and colleges and by university consortia. 
“See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. Current dollars will differ slightly from source document. 
Note: Data based on annual reports by performers except for the nonprofit sector, for which data are estimated. 
SOURCES: NSF, National Patterns of R&D Resources: 1989, NSF 89-308 (Washington, DC: NSF, 1989); and unpublished tabulations. 
See figures 4-1 and 4-2 and O-4 in Overview. 
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Appendix table 4-4. National expenditures for applied research, by performer and source: 1960-89 


Industry* Universities and colleges Nonprofit institutions? 


Universities 
and 
Total Federal’ Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs* Total Federal industry Nonprofits 


Millions of current dollars 


1960 ......... 00002 0022202.... 3,020 595 2,029 833 1,196 179 88 13 66 12 122 95 50 17 28 
OD cose anncoewek ee eee eseenes 3,065 634 1,977 812 1,165 192 98 13 69 12 135 127 75 17 35 
OE 6 eca dav een aes ys eeune eases 3,665 702 2,449 1,011 1,438 205 109 13 70 13 155 154 90 19 45 
1963 .... 0.0... 2. eee ee eee eee 3,742 715 2,457 1,007 1,450 227 128 14 72 13 170 173. 105 19 49 
OD oo 0h o4b een ok esa even aes 4,128 903 2,600 1,040 1,560 232 127 14 77 14 202 191 125 19 47 
OD 6.656 sen eka a ds eae eee neens 4,339 990 2,658 1,038 1,620 279 157 13 88 21 204 208 135 21 52 
GD icc caue sek ee Seek eee ewes 4,601 997 2,843 1,039 1,804 328 194 13 89 32 207 226 145 24 57 
1967... ee eee eee eee 4,780 1,027 2,915 1,066 1,849 374 222 15 102 35 219 245 160 25 60 
1968 .... 0... eee. 5,131 1,110 3,124 1,043 2,081 404 254 16 97 37 231 262 172 28 62 
1969... eee . 5,316 1.114 3,287 1,015 2,272 407 246 16 105 40 210 298 200 32 66 
SD 6 Gan auckeedeneeevewebcexs 5,720 1,327 3,427 1,049 2,378 427 268 16 98 45 216 323 220 33 70 
GE i pc caceeasadewwdsnudevers 5.739 1,302 3,415 974 2,441 474 292 19 115 48 210 338 230 34 74 
OE 66 ae wee u sow eee enesere ones 5.984 1,360 3,514 952 2,562 524 320 18 140 46 221 365 251 35 79 
GN occ eucw dew esc cease eenss 6,597 1,480 3,825 993 2,832 713 461 23 172 57 226 353 234 36 83 
TE bia os hve ees B46 ES ease esx 7,189 1,574 4,288 1,025 3,263 736 438 29 203 66 178 413 280 40 93 
SR vce ccdevawesssanpeueceade 7,812 1,730 4,570 1,130 3,440 851 516 34 224 77 213 448 300 43 105 
z OE aka cused cc eecnkencbaekee 8.983 2,093 5,112 1,200 3,912 1,016 584 43 283 106 264 498 330 48 120 
6654s 56 0644n bbe anes nes 9,651 2,044 5636 1,325 4,311 1,067 607 46 303 111 371 533 345 53 135 
WE o-5.n405.544K0444404400008 0 10,701 2,192 6300 1,430 4870 1,213 673 56 354 130 406 590 385 55 150 
WN cb nto tcacde cee auenesneces 12,230 2,392 7,225 1,555 5.670 1,465 863 64 404 134 438 710 480 60 170 
ON cc uaan che eee eee eawe ED 2s 13,892 2.484 8450 1,900 6,550 1,695 1,035 80 445 135 538 725 480 65 180 
WD 446066444645 05 Ns es ene Kes 16,683 2,732 10,699 2,340 8.359 1,868 1,085 100 533 150 604 780 515 75 190 
WER ccc ccc ccc ccc ccc ccccccecs 18,311 2,729 12,175 2,950 9225 2,018 1,121 118 607 172 574 815 540 85 190 
ON cccwaudsneteastanueeene <4 20,129 3,020 13,505 3,617 9888 2.116 1,170 127 631 188 613 875 580 95 200 
Wb ecesedancaeace wee ewnes cua 21,959 2903 15,028 4182 10846 2404 # 1,329 160 708 207 694 930 600 110 220 
WD a he oceu nes Kendo ba keceneea 24.355 3,133 16915 5275 11,640 2552 1,396 178 757 221 790 965 610 120 235 
Pe 23,307 3,141 15,611 3,727 11,884 2699 1,433 208 838 220 891 965 600 130 235 
1987 (prel.) ...............005. 24,778 3,392 16400 3,900 12500 3,014 1,572 236 953 253 947 1.025 625 140 260 
_  ) re 26,060 3,450 17,300 4,000 13,300 3,280 ‘,680 260 1,070 270 970 1,060 625 155 280 
, | ee 27,300 3,500 18,200 4,200 14,000 3,530 1,760 285 1,200 285 1.000 1,070 600 170 300 
(con\inued) 
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Appendix table 4-4. (Continued) 


industry” Universities and colleges Nonprofit institutions? 


Universities 
and 
Total Federal’ Total Federal Industry Total Federal industry colleges Nonprofits FFRDCs* Total Federal Industry Nonprofits 


Millions of constant 1982 dollars* 


WEE ow ew heh ens ss eee eee ees 9,707 1,913 6522 2678 3,844 575 283 42 212 39 392 305 161 55 90 
UD 655-5 bo woes os ave tesa ses 9,749 2,017 6,288 2,583 3,705 611 312 41 219 38 429 404 239 54 111 
re 11,453 2,194 7,653 3,159 4,494 641 341 41 219 41 484 481 281 59 141 
GD © be vps viene erase sess ween 11,486 2,195 7,541 3,091 4,451 697 393 43 221 40 522 531 322 58 150 
OU 5 ec nb een chase ee ees 12,490 2,732 7,867 3,147 4,720 702 384 42 233 42 611 578 378 57 142 
UE Noor cb ecevaceveseetuasnys 12,856 2,933 7,876 3,076 4,800 827 465 39 261 62 604 616 400 62 154 
OD ads ies ene cn oe aasenaness 13,244 2870 8184 2991 5,193 944 558 37 256 92 596 651 417 69 164 
ee ere ere 13,304 2858 8113 2,967 5,146 1,041 618 42 284 97 610 682 445 70 167 
ee 13,797 2,985 8400 2,805 5,596 1,086 683 43 261 9y 621 704 462 75 167 
WE <5 6 4 oes eeaecuesesecneuauss 13,561 2842 8385 2,589 5,796 1,038 628 41 268 102 536 760 510 82 168 
GU on sh hoe kn kee ean eues ee nes 13,790 3,199 8262 2,529 5,733 1,029 646 39 236 108 521 779 530 80 169 
ee 13,145 2982 7,822 2,231 5,591 1,086 669 as 263 110 481 774 527 78 169 
OOD 8 ne been ce eee ease ek eess 12,992 2953 7,629 2,067 5,562 1,138 695 39 304 100 480 792 545 76 172 
ne ee 13,644 3,061 7,911 2,054 5,857 1,475 953 48 356 118 467 730 484 74 172 
OD oe es be ves ey cev seed wae 13,783 3,018 8221 1,965 6,256 1,411 840 56 389 127 341 792 537 77 178 
WE 6065 ee on cee hn as eases 13,581 3,008 7,945 1,965 5,981 1,479 897 59 389 134 370 779 522 75 183 
$ _  PPPPPrer errr rere errr rere 14,470 3,371 8.235 1,933 6,302 1,637 941 69 456 171 425 802 532 77 193 
PPP eee ee ee ee 14,398 3,049 8408 1,977 6,431 1,592 906 69 452 166 553 795 515 79 201 
MD 66 oo 54 cb nen seesaeevewanes 14,921 3,056 8,784 1,994 6,790 1,691 938 78 494 181 566 823 537 77 209 
ee ee ee ee 15,700 3,071 9,275 1,996 7,279 1,881 1,108 82 519 172 562 911 616 77 218 
CD 6644 ses senvsceh beau benees 16,394 2931 9972 2,242 7,730 2,000 1,221 94 325 159 635 856 566 77 212 
PP reerrrerrrr errr Terre 17,898 2,931 11,478 2,510 8,968 2,004 1,164 107 572 161 648 837 553 80 204 
WE 6 606-0 655005 4940440445545 18,311 2,729 12,175 2,950 9,225 2,018 1,121 118 607 172 574 815 540 &5 190 
Peers eee eee 19,312 2,897 12,957 3,470 9,487 2,030 1,123 122 605 180 588 839 556 91 192 
WN a 45 encceneeeerssaeaeeewen 20,297 2,683 13,890 3,865 10,025 2,222 1,228 148 654 191 641 860 555 102 203 
 Serrer ere rr ee 21,837 2,809 15,166 4,730 10437 2,288 1,252 160 679 198 708 865 547 108 211 
 Srererrerre rer rer 20,341 2,741 13,625 3,253 10372 2,356 1,251 182 731 192 778 842 524 113 205 
1987 (prel.) ..............204.. 20,956 2,869 13,870 3,298 10,572 2,549 1,329 200 806 214 801 867 529 118 220 
ED vneis eee bade.ce ees oe4 21,408 2,834 14,212 3,286 10,926 2,694 1,380 214 879 222 797 871 513 127 230 
CED. Seat eceueeeccneesens 21,602 2,769 14401 3,323 11,078 2,793 1,393 226 950 226 791 847 475 135 237 


‘Total funds used by Federal Government from Federal sources. 

2Expenditures in federally funded research and development centers (FFRDC) administered by industry or nonprofit institutions are included in the totals for the respective sector. 
3FFRDCs administered by universities and colleges and by university consortia. 

“See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. Current dollars will differ slightly from source document. 

Note: Data based on annual reports by performers except for the nonprofit sector, for which data are estimated. 

SOURCES: NSF, National Patterns of R&D Resources: 1989, NSF 89-308 (Washington, DC: NSF, 1989); and unpublished tabulations. 


See figures 4-1 and 4-2 and O-4 in Overview. 
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Appendix table 4-5. National expenditures for basic research, by performer and source: 1960-89 


industry* Universities and colleges Nonprofit institutions? 
Universities 
and 
Total Federal’ Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs* Total Federal Industry Nonprofits 
— ————————_———— Millions of current dollars — . 
1960... 2.22 eee. 1,197 160 376 79 297 433 299 24 72 38 97 = 131 80 21 30 
NG es sev eed e ene dyesavervees 1,401 206 395 81 314 536 382 25 85 44 115 149 90 22 37 
ne 1,724 251 488 143 345 659 481 25 102 51 136 190 120 24 46 
WD ovata hie eecadeee nese cers 1,965 255 522 147 375 814 610 25 121 58 159 215 140 25 50 
1964... eee eee. 2,289 314 549 165 384 1,003 768 24 144 67 191 232 160 25 47 
SEs xngeccedecaeeveseubedeeecs 2,555 364 592 186 406 1,138 879 26 164 69 208 253 172 29 52 
1966... 22. eee eee 2,814 385 624 173 451 1,303 1,008 27 197 71 227 275 185 32 58 
GO 5.5 6a ba chew dense see vee eee 3,056 435 629 202 427 1,457 1,124 31 223 79 250 285 190 34 61 
GE vince eneesunencsneeevsyeus 3,296 432 642 180 462 1,649 1,251 36 276 86 276 297 197 37 63 
TD 6b o cow kev eee es eieescceuas ss 3,441 532 618 160 458 1,711 1,279 39 298 95 275 305 £195 43 67 
UD 6 nce eas caeesessuvnceeueves 3,549 577 602 158 444 1,796 1,296 40 350 110 269 305 £189 44 72 
WG 64.5 da ves sbdteesys caceneces 3,672 586 590 134 456 1,914 1,349 46 400 119 260 322 200 45 77 
OUD hive oe 500.4000 ee ene akesees 3,829 625 593 130 463 2,022 1,420 53 415 134 244 345 214 47 84 
OE ob Fors oe kadeecke bene eanae 3,946 608 631 132 499 2,053 1,454 57 408 134 297 357 218 49 90 
ere 4,344 696 699 163 536 2,154 1,523 61 432 138 390 405 245 54 106 
CD cus veces eewceisanreens se 2% 4,738 734 730 157 573 2,410 1,694 72 478 166 439 425 245 60 120 
ee rrr 5,130 786 819 185 634 2,549 1,841 71 475 162 512 464 265 64 135 
ON vaah eX ee eansoeewnscaeeseee 5,735 914 911 210 701 2,800 2,007 79 527 187 600 510 290 70 150 
GUE 6k 644 00 one 55ee ey bees «es 6,692 1,029 1,035 250 785 3,176 2,264 99 605 208 867 585 335 80 170 
0 ra 7,554 1,089 1,158 265 893 3,612 2,572 114 709 217 1.015 680 400 85 195 
1980... 22 eee eee eee. 8,415 1,182 1,325 290 1,035 4,024 2,852 142 791 239 1,124 760 450 95 215 
WE cide ebeveusvecssuedeusens 9,591 1,302 1,614 301 1313 4,589 3,251 172 911 255 1,261 825 495 105 225 
OE 6.56. ddedessuseecuueceevdnes 10,410 1,465 1,880 380 1,500 4,883 3,403 196 1,001 283 1.317 865 535 115 215 
0 ee rr ere 11,583 1,690 2,152 460 1,692 5324 3,565 235 1,173 351 1,472 945 600 125 220 
er ee er re 12,706 1,861 2475 471 2,004 5,731 3,826 282 1,255 368 1,609 1,030 650 150 230 
CN nde 504bssGeteewciereeeaas 13,933 1,923 2622 482 2,140 6556 4,348 340 1,446 422 1.712 1,120 690 165 265 
1986... eee ee eee 15,089 2,019 2,568 482 2,086 7,512 4,900 429 1,729 454 1,820 1,170 700 190 280 
1987 (prel.) ...............0005. 16,165 2,046 2,600 500 2,100 8,301 5,354 481 1,949 517 1,963 1,255 725 210 320 
RS 64 e444 400 0% k6 640563 es 17,355 2,170 2,850 600 2,250 8900 5,700 525 2,135 540 2,100 1,335 775 225 335 
0 PPP ere creer re rte 18,570 2,270 3,150 650 2,500 9,500 6,050 565 2,310 575 2,250 1,400 800 240 360 
(continued) 
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Appendix table 4-5. (Continued) 


Industry” Universities and colleges Nonprofit institutions* 
Universities 
and 
Total Federal’ Total Federal Industry Total Federal Industry colleges Nonprofits FFRDCs* Total Federal industry Nonprofits 
———_—___—_—_—______________ Millions of constant 1982 dollars‘ _ 
OOD ck de cc cae eencdheaeeeuve ss 3,848 514 1,209 254 955 1,392 961 77 231 122 312 421 257 68 96 
WOE nv cee ee clase ceeavenesess 4,456 655 1,256 258 999 1,705 1,215 80 270 140 366 474 286 70 118 
WO vc eee ee cee ban ene eeee 5,388 784 1525 447 1.078 2,059 1,503 78 319 159 425 594 375 75 144 
I oo oe o os oe a oedeenesee 6,031 783 1,602 451 1,151 2498 1,872 77 371 178 488 660 430 77 153 
rr ere 6,926 950 1,661 499 1,162 3,035 2,324 73 436 203 578 702 484 76 142 
I ios oe os oe he weteaw es vee 7,570 1,079 1,754 551 1.203 3,372 2,604 77 486 204 616 750 510 86 154 
GD bos awe eek aac dceetaeseesas 8.100 1,108 1,796 498 1,298 3,751 2,902 78 567 204 653 792 «86533 92 167 
OD ee eee esc ueesesveensasvaees 8,505 1,211 1,751 562 1,188 4,055 3,128 86 621 220 696 793 529 95 170 
WD voc vee ck eae weeerrscuvesses 8.863 1,162 1,726 484 1242 4434 3,364 97 742 231 742 799 §=©§30 99 169 
WN ones eee a cheese veseessseees 8,778 1,357 1,577 408 1,168 4,365 3,263 99 760 242 702 778 497 110 171 
GE bac anas ten sesaanduuerer es 8,556 1,391 1,451 381 1,070 4,330 3,124 96 844 265 649 735 456 106 174 
OO inch nes cae ee nano duseebaes 8.410 1,342 1,351 307 1,044 4384 3,090 105 916 273 596 738 458 103 176 
OE aac wd ea ceeaweeveneversanes 8,313 1,357 1,287 282 1,005 4,390 3,083 115 901 291 530 749 3869465 102 182 
GD geen ee neebeudee ey eeecseese 8.161 1,257 1,305 273 1,032 4,246 3,007 11% 844 277 614 738 451 101 186 
eee ee 8,328 1,334 1,340 313 1,028 4,130 2,920 117 828 265 748 776 §=©470 104 203 
ee 8.237 1,276 1,269 273 996 4,190 2,945 125 831 289 763 739 426 104 209 
GE 660s ecb e eee 4a eons eeackeuee 8.264 1,266 1,319 298 1,021 4,106 2,966 114 765 261 825 747 2 =6427 103 217 
GON occca ee ecewewetevecbaceess 8556 1,364 1359 313 1046 4,177 2,994 118 786 279 895 761 433 104 224 
GE ga ces cocecadvacevavescnees 9.331 1435 1,443 349 1,095 4428 3,157 138 844 290 1,209 816 467 112 237 
eee ee 3,697 1,398 1,487 340 1,146 4637 3,302 146 910 279 1,303 873 513 109 250 
CE cp tet cance ter veswseeenns ss 9.930 1,395 1,564 342 1.221 4,749 3,366 168 933 282 1,326 897 531 112 254 
GU chance aed tence eceecsacteues 10,290 1,397 1,732 323 1,409 4923 3,488 185 977 274 1,353 885 531 113 241 
eee 10,410 1,465 1,880 380 1,500 4,883 3,403 196 1,001 283 1,317 865 535 115 215 
Gl sedusnseesneesdesesenuseuc 11,113 1,621 2,065 441 1,623 5,108 3,420 225 1,125 337 1,412 907 576 120 211 
GU a0 6 ened peeks Seeesceareses 11,744 1,720 2,288 435 1,852 5297 3,536 261 1,160 340 1,487 952 601 139 213 
OE 6a od eaeeecesesevecestaeues 12,493 1,724 2,351 432 1,919 5878 3,899 305 1,297 378 1535 1,004 619 148 238 
CR ccewigewenees 604606000648 13,169 1,762 2,241 421 1,821 6556 4,276 374 1,509 396 1588 1,021 611 166 244 
4 | errr rr ree 13,671 1,730 2,199 423 1,776 7,020 4,528 407 1,648 437 1,660 1,061 613 178 271 
GPEERD oc cvcccccecccsccessece 14,257 1,783 2,341 493 1,848 7,311 4,682 431 1,754 444 1.725 1,097 637 185 275 
GED es 066s0ccaccsecesees 14,694 1,796 2492 514 1,978 7,517 4,787 447 1,828 455 1,780 1,108 633 190 285 


‘Total funds used by Federal Government from Federal sources. 
2Expenditures in federally funded research and development centers (FFRDC) administered by industry or nonprofit institutions are included in the totals for the respective sector. 
3FFRDCs administered by universities and colleges and by university consortia. 
“See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. Current dollars will differ slightly from source document 
Note: Data based on annual reports by performers except for the nonprofit sector, for which data are estimated. 

SOURCES: NSF, National Patterns of R&D Resources: 1989, NSF 89-308 (Washingion, OC: NSF, 1989); and unpublished tabulations 


See figures 4-1 and 4-2 and O-4 in Overview. 
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Appendix table 4-6. Federal obligations for R&D, by agency and character of work: 1980-89 


Department/agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Research & development —______—— ——— Millions of dollars — - 
Total, allagencies ..................... ivaeueenkeavee 29,830 33,104 36,433 38,712 42,225 48.360 51.412 55.255 58512 60.323 
Department of Agriculture ............................. 688 774 797 848 866 9343 929 948 1020 987 
Department of Commerce ....................-2--2---. 343 328 33% 335 «#33sB 399 399 402 £411 308 
Department of Defense ............. jeveucteveavausees 13,981 16,509 20,623 22.993 25.373 29,792 32,938 35.232 36,543 37,505 
Department of Education ....................22.00.0... 139 105 128 112 116 125 121 133 159 157 
Department of Energy ...................--.---.----.- 4.754 4918 4,708 4,537 4674 4966 4688 4,757 5101 5,182 
Department of Health & Human Services ................. 3,780 3,927 3,941 4353 4831 5451 5658 6609 7.112 7,043 
National institutes of Health .......................... 3,182 3,333 3,433 3,789 4257 4828 5005 5853 6321 6233 
Department of Housing & Urban Development ............. 56 48 29 32 18 19 15 16 19 19 
Department of the Interior ....................2......-.. 411 427 8381 383 «411 392 385 404 420 376 
Department of Labor .................0.0..02-0-00005. 138 62 25 20 16 13 10 22 27 24 
Department of Transportation .......................... 361 416 310 34e 8448 429. 386 324 323 316 
Environmental Protection Agency ....................... 345 326 335 £241 261 320 317 348 350 374 
National Aeronautics & Space Administration .............. 3,234 3,593 3,078 2,662 2822 3,327 3,420 3,787 4,779 5416 
National Science Foundation ........................... 882 962 975 1,062 1203 1,346 1,353 1,471 1,523 1,827 
All other departments/agencies ......................... 718 710 766 789 828 839 793 804 724 730 
Basic research 
Total, allagencies ........ 2.22. cee ee eee 4,674 5,041 5482 6,260 7,067 7,819 8153 8944 9623 10,300 
Department of Agriculture ........................2-5.. 276 314 #331 362 393 445 433 446 472 = 471 
Department of Commerce .......... 2.2.00. 0 ee eee eee eee 16 16 17 19 21 23 27 26 28 27 
Department of Defense ........ 2.2.22... eee eee ce eee 540 604 687 #786 848 ~~ 861 924 908 885 947 
Department of Education ....... 2.2.0... ee eee eee 18 21 14 14 12 15 5 3 “ 5 
Department of Energy ......... 2.0.2.0... cece ee eee eee 523 586 642 768 830 943 960 1,069 1,194 1,267 
Department of Health & Human Services ................. 1,763 1,900 2,145 2475 2815 3,233 3,339 3,830 4115 4240 
National institutes of Health .......................... 1642 1,767 2,021 2,313 2625 3,018 3,119 3,577 3,853 3,964 
Department of the interior .... 2... eee eee ee 72 81 77 103-126 138 133 135 135 122 
ROOM cc cccccccscccccccccsccsccccsccecs 4 4 7 5 5 3 1 1 1 1 
Department of Transportation ..................00.0005. 0 1 1 1 4 1 1 0 0 0 
Protection Agency ....................4.. 14 11 33 22 30 39 39 31 32 31 
National Aeronautics & Space Administration .............. 559 531 536 617 755 751 917 1,014 1229 1,374 
National Science Foundation .....................00055. 815 897 916 999 1132 1,262 1,275 1,371 1418 1,708 
All other departments/agencies .....................24.. 76 76 78 89 98 105 102 111 112 109 
Applied research 
Total, allagencies ... 0... cece eee eees 6,923 7,172 7,541 7,993 7,911 8315 8349 8999 9241 9413 
Department of Agriculiure ... 2... cece 382 427 436 456 442 466 464 #=#§.473~—~= 517 486 
Department of Commerce ... 2. cece eee 239 233 «#6259 486062660 276 —s 301 313 313 329 #8251 
Department of Defense ..... 2. cece 1,721 1,997 2266 2,437 2,201 2,307 2303 2440 2320 2,407 
Department of Education .... 2.2.0. cece 70 33 56 62 69 77 91 104 108 114 
Department of Energy .... 2. 2c cece 754 827 1,054 1,193 1,195 1,198 1,081 1,029 1029 959 
Department of Health & Human Services ................. 1,570 1,592 1,461 1,545 1652 1,796 1851 2195 2362 2.273 
National institutes of Health ..... 2.2... 1,145 1,182 1,104 1,165 1,286 1410 1469 1,740 1883 1,789 
Department of Housing & Urbar, Development ............. 20 17 10 11 6 7 5 6 7 7 
Department of the Interior... cee ee 283 289 275 255 # £254 231 235 247 #260 232 
Department of Labor 0... cece eee 33 55 11 13 11 9 9 19 25 23 
Department of Transportation ... 2.0... ce eee, 82 87 66 72 74 . 70 68 68 76 89 
Environmental Protection Agency ...................25.. 232 208 211 152 142 176 179 2460=—_ 243 261 
National Aeronautics & Space Administration .............. 1,051 876 ~=©871 928 955 1,033 1,152 1,256 1413 1,700 
National Science Foundation .... .. 0.6... cece 58 59 57 63 71 84 78 99 §=6. 105 119 
All other departments/agencies .................0.00055. 429 472 508 # £=541 564 560 520 503 448 +495 
(continued) 
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Appendix table 4-6. (Continued) 
Department/agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Development 
Total, allagencies ........ 22... eee eee 18.233 20,891 23.410 24.458 27.246 32,226 34,910 37,313 39.648 40.611 
Department of Agriculture ...................-.-2.-22.. Kf) 33 31 30 31 32 32 29 31 31 
Department of Commerce ....................--.-----. 88 79 60 50 62 75 60 64 55 30 
Department of Defense ...................--.-.-----.-. 11,719 13,908 17,670 19,770 22,324 26,623 29,711 31,884 33.338 34,151 
Department of Education ....................22.-0200-- 52 51 58 36 35 33 26 26 47 38 
Department of Energy ..........-...-------0-- 2-02 eee 3,476 3,505 3,012 2576 2649 2825 2648 2659 2878 2.956 
Department of Health & Human Services ................. 447 4350 - 3350l_iC332—HSHSZ_Ces‘i‘éwk2@tO 4B 6 6C5B4OCE 531 
National institutes of Health ..................2....... 394 3850 09t—é*ST1T 347 400 418 #536 585 480 
Department of Housing & Urban Development ........... 36 31 19 21 12 12 10 11 12 12 
Department of the Interior ...................022.-04-.. 57 57 30 25 31 22 17 22 25 23 
Department of Labor .................0.000000020000-- 102 4 8 2 0 1 1 1 1 1 
Department of Transportation ....................0..... 279. 32700 «2430S 275s 371 358 317 256 248 227 
Environmental Protection Agency .....................-. 100 107 92 66 89 106 100 71 76 83 
National Aeronautics & Space Administration .............. 1,624 2186 1,671 1,117 1,113 1,544 1351 1518 2138 2,342 
National Science Foundation ...................2...2... 8 6 2 0 0 0 0 0 0 0 
All other departments/agencies .......... ...........5-. 214 162 180 159 +3166 173 170 188 165 186 
Research & development —————==== Millions of constant 1982 dollars ——-— 
We, GND oi. g 636 wn oc sn cre dinceccienweedsceass 35,202 35.515 36,433 37,140 39,028 43,360 44,870 46,732 48,067 47,732 
Department of Agriculture ....... 2.2.20... eee. 811 830 797 1813 #801 846 810 802 838 781 
Department of Commerce ..................00502-02005- 404 352 336 321 331 358 348 340 337 244 
Department of Defense ........ 2.2.00... 00 ee eee. 16,499 17,711 20,623 22,060 23,452 26,712 28,747 29.797 30,020 29.676 
Department of Education ..................0002-00005-. 165 113 128 107. = 107 112 §©106 112 0 3=6131 124 
Department of Energy ......... 222-2... e eee ee eee eee 5.610 5276 4,708 4,353 4320 4453 4092 4023 4190 4,100 
Department of Health & Human Services ................. 4,461 4213 3,941 4,176 4465 4887 4938 5589 5843 5573 
National institutes of Health ................00..00055. 3,755 3,576 3,433 3,635 3,935 4,329 4368 4950 5195 4932 
Department of Housing & Urban Development ............. 66 52 29 31 17 17 13 14 16 15 
Department of the interior... 2... eee eee 485 458 381 367 -380—t—«é*38S‘ 336 3420345 297 
Department of Labor .... 2. cece eee 163 67 25 19 1§ 12 9 18 22 19 
Department of Transportation .... 2.0.0... cee ee 426 446 310 334 «414 385 336 274 266 250 
Environmental Protection Agency ....................4.. 407 349 860395 )0~6231— 241 287 277 £4294 #«# 288 296 
National Aeronautics & Space Administration .............. 3,816 3,855 3,078 2,554 2608 2,983 2985 3,203 3,926 4,286 
National Science Foundation ......... 0.0... eee eee 1,041 1,032 975 1,019 1,112 1,206 1,181 1,244 1,251 1,445 
Ail other departments/agencies ......... 0... 0... cece ne 848 762 756 757 765 752 692 680 595 625 
Basic research 
WINE 6.5 6h 0500 t 00 oe6iverheseseeunerecaess 5.516 5409 5482 6,006 6532 7,010 7,116 7,564 7,905 8,150 
Department of Agriculture 6. cence 325 337 331 3470 ll 36IB—<i “C78 SCOTT 372 
Department of Commerce .... 6... cee 19 17 17 18 19 21 23 22 23 21 
Department of Defense ... cee 638 648 687 +754 +784 $.772 806 #768 #=+#727 749 
Department of Education... cee 21 22 14 14 11 13 a 3 4 4 
Department of Energy ... 6 cece 617 629 642 737 768 845 838 904 #£=981 1,003 
Department of Health & Human Services ................. 2,080 2,039 2,145 2375 2,601 2898 2914 3,239 3,380 3,355 
National institutes of Health 6... 0. nee 1,938 1896 2,021 2,219 2426 2,706 2,722 3,025 3,165 3,137 
Department of the Interior... cee 84 87 77 99 116 124 116 114 + =8110 96 
Department of Labor cece eee 5 4 7 5 5 3 1 1 0 0 
Department of Transportation .... 2.0... cece 0 1 1 1 3 1 1 0 0 0 
Environmental Protection Agency ..................0045. 16 11 33 21 27 35 34 26 26 24 
National Aeronautics & Space Administration .............. 660 570 536 592 697 673 800 #857 1,009 1,087 
National Science Foundation .... 2.0.6... cee 962 962 916 959 1,047 1,131 1,113 1,160 1,165 1,351 
All other departments/agencies ..... 0.0.6... eee, 89 81 78 85 91 94 89 94 92 86 
(continued) 


273 


Appendix table 4-6. (Continued) 


Department/agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Applied research 

Total, allagencies .... 00.6... eee 8,170 7,694 7,541 7,669 7,313 7,455 7,287 7,610 7,592 7,448 
Department of Agriculture ......... 2.0.0... 0. eee eee eee 451 458 436 437 409 417 405 400 425 384 
Department of Commerce ......... 2... 2.06... 0 eee eee 281 250 259 255 255 270 273. +265 270 199 
Department of Defense .......................20.0005. 2,031 2,142 2,266 2,338 2,034 2,068 2,010 2,064 1,906 1,904 
Department of Education .........................2-5-. 83 36 56 59 63 69 80 88 89 90 
Department of Energy .............. 2.6. eee eee 890 888 1,054 1,145 1,104 1,075 943 871 845 759 
Department of Health & Human Services ................. 1,853 1,708 1,461 1483 1,526 1,610 1,615 1,856 1,941 1,798 

National Institutes of Health ....................0..25.. 1,351 1,268 1,104 1,118 1,188 1,264 1,282 1,471 1,547 1,415 
Department of Housing & Urban Development ............. 23 18 10 11 6 6 5 5 6 5 
Department of the Interior .....................2-.0.050.5. 334 310 275 244 235 207 205 209 £214 183 
Department of Labor ..............2.. 0.00 cece eee eee 38 58 11 12 10 8 8 16 21 18 
Department of Transportation .....................025.-. 97 94 66 69 69 63 59 58 62 70 

nvironmental Protection Agency ...................-4-. 273. «223-—Cts2:11 146 132 158 156 208 199 206 
National Aeronautics & Space Administration .............. 1240 940 # £871 890 882 926 1,006 1,062 1,161 1,345 
National Science Foundation ........................... 69 63 57 60 65 75 68 84 86 94 
All other departments/agencies .....................00.. 507 506 508 519 521 502 454 426 368 $392 

Development 

Total, allagencies ................ 0. 21,517 22,413 23,410 23,465 25,184 28,895 30,468 31,557 32,571 32,134 
Department of Agriculture .................... 020.200 36 35 31 29 29 29 28 25 25 25 
Department of Commerce .......... 2... .2..0 0222 e eee 104 84 60 48 57 67 52 54 45 24 
Department of Defense ....................2.2 0200005. 13,830 14,921 17,670 18,968 20,634 23,871 25,930 26,965 27,387 27,023 
Department of Education ......................-2.2005. 61 55 58 34 32 30 22 22 38 30 
Department of Energy ..................0..00 000 cee 4,102 3,760 3,012 2,471 2448 2,533 2,311 2,249 2364 2.339 
Department of Health & Human Services ................. 528 467 335 318 337 379 408 494 522 420 

National institutes of Health .......................5.. 465 413 309 298 321 358 364 453 481 380 
ee eee PereTrT er tre 43 34 19 20 11 11 cS) 9 10 10 
Department of the Interior ....... 2... 2.00... ee eee 67 61 30 24 28 20 15 18 21 18 
Department of Labor ...................0 00.0 e eee eeee 12 4 8 2 0 1 1 1 1 1 
Department of Transportation ...................2.000.. 329 351 243 439264 343 321 277s 216—s 203 180 
Environmental Protection Agency ....................... 118 8115 92 63 82 95 87 60 62 66 
National Aeronautics & Space Administration .............. 1,917 2345 1,671 1,071 1,028 1,384 1,179 1,284 1,756 1,853 
National Science Foundation ........................... 10 7 2 0 0 0 0 0 0 0 
All other departments/agencies .....................2.5.. 253 174 «+3180 153 153 155 149 1569 135 147 


Note: Data for 1988 and 1989 are estimates. 
SOURCE: NSF, Division of Science Resources Studies. 
See figures 4-3 and 4-4. 
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Appendix table 4-7. Federal obligations for R&D, by character of work and performer: 1980-89 


1988 1989 
Performer 1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est. 
———__—__—__—— Millions of current dollars 
Total research and development ........................ 29,830 33,104 36,433 38,712 42,225 48,360 51,412 55,255 58,512 60,323 
Federal intramural’........... 0 2.2... eee ee eee 7,632 8426 9,141 10,582 11,572 12,945 13,535 13,413 14514 14,745 
industrial firms excluding FFRDCs ..................... 12,969 14,868 17,192 17,148 18,753 21,969 24,509 26,752 28.233 29,184 
FFRDCs administered by industry ..................... 1,408 1,414 1506 1,501 1,608 1,791 1,697 1,860 1,888 1,923 
Universities & colleges excluding FFRDCs .............. 4.263 4466 4606 4966 5565 6358 6579 7,354 7,771 8,167 
FFROCs administered by universities .................. 1,533 1,791 1,977 2266 2,325 2,535 2440 3,210 3,371 3,638 
Nonprofit institutions excluding FFRDCs ................ 1,106 1,069 1,092 1,242 1,497 1,699 1,676 1,711 1,801 1,706 
FFRDCs administered by nonprofit institutions ........... 442 525 521 581 597 689 553 511 514 528 
State & local governments ...................-..-.... 266 222 184 #&« 186 131 129 128 148 148 142 
Ng 65 us heneess twist b8 Ge baees owes euwweee unease 211 323. 214 240 176 245 296 298 272 290 
Total basic research ..................0.2 02. e eee eee 4,674 5041 5482 6260 7,067 7,819 8153 8944 9623 10,300 
Federal intramural'......................0.2--000005- 1,183 1,302 1,466 1,690 1,861 1,923 2019 2046 2173 2,269 
industrial firms excluding FFRDCs ..................... 325 293 271 306 394 408 545 467 583 #659 
FFRDCs administered by industry ..................... 70 73 87 83 91 123 «118 120 135 142 
Universities & colleges excluding FFRDCs .............. 2,320 2,503 2,727 3,112 3,531 4,039 4,132 4666 4,927 5,308 
FFRDCs administered by universities .................. 437 491 517 591 653 696 691 907 1,009 1,101 
Nonprofit institutions excluding FFRDCs ................ 280 313 356 410 474 556 572 658 ###713 734 
FFRDCs administered by nonprofit institutions ........... 8 9 9 8 8 12 13 13 14 15 
State & local governments ........................... 24 27 25 32 28 31 31 38 40 41 
SN o460666065446045900005004064454 54008400005 28 31 25 29 28 31 33 30 30 30 
Total applied research ......... 2.2.0... 0c ce ee eee eee 6,923 7,172 7,541 7,993 7,911 8315 8349 8999 9241 9.413 
Federal intramural'...................0..0...22000005. 2,484 2,732 2,729 3,020 2,904 3,133 3,142 3,392 3,452 3,505 
industrial firms excluding FFRDCs ..................... 1,752 1,665 1886 1,847 1,792 1,751 1835 1982 1975 2,151 
FFRDCs administered by industry ..................... 241 278 400 440 405 363 365 314 #=314 «316 
Universities & colleges excluding FFRDCs .............. 1,379 1,417 1,318 1,356 1,499 1,688 1,751 1,975 2124 2.118 
FFRDCs administered by universities .................. 414 450 540 £621 635 641 502 564 593 585 
Nonprofit institutions excluding FFRDCs ................ 399 392 388 427 449 489 490 550 576 528 
FFRDCs administered by nonprofit institutions ........... 64 59 95 77 79 85 76 77 71 73 
State & local governments ................0..0..02005. 127. 103 #8101 105 60 59 60 53 53 49 
SED 0.6.06 0650005406894006% 54055 488 oN es eee bae es 63 75 83 101 89 107. = 130 94 83 89 
Total development ...................00. 020 eee ee eee 18,233 20,891 23,410 24,458 27,246 32,226 34,910 37,313 39.648 40,611 
Federal intramural’.................02.00-02.0 002005. 3,966 4,392 4947 5872 6,808 7,889 8375 7,975 8889 8971 
industrial firms excluding FFRDCs ..................... 10,892 12,910 15,036 14,995 16,567 19.810 22,129 24303 25.676 26,374 
FFRDCs administered by industry ..................... 1,097 1,063 1019 979 1,112 1,305 1,215 1426 1,439 1,465 
Universities & colleges excluding FFRDCs .............. 564 546 560 499 535 631 696 713 720 741 
FFRDCs administered by universities .................. 682 850 920 1,054 1,037 1,198 1,247 1,739 1,770 1,952 
Nonprofit institutions excluding FFRDCs ................ 427 364 348 8 405 575 654 614 503 512 445 
FFRDCs administered by nonprofit institutions ........... 370 458 416 496 510 592 463 421 430 441 
State & local governments ......................005.. 115 93 58 49 43 40 37 58 55 52 
SUE 6 65.6 08 ce encnevecsexsbneseacbasacaevaadines 120. 218 106 # 110 59 107. —s_:«1134 173 169 171 
(continued) 
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Appendix table 4-7. (Continued) 


1988 1989 
Pertormer 1980 1981 1982 1983 1984 1985 1986 1987 /(est.) (est.) 
ee Millions of constant 1982 dollars 

Total research and development ........................ 35,202 35,515 36,433 37,140 39,028 43,360 44,870 46,732 48,067 47,732 
Federal intramural’.......... 2.22.20. .0 2.00.00 2000 9.007 9,039 9,141 10,152 10,696 11,607 11,813 11,344 11,923 11,667 
industrial firms excluding FFRDCs ..................... 15,305 15,951 17,192 16,452 17,333 19,698 21,390 22,625 23,193 23,092 
FFRDCs administered by industry ..................... 1662 1,517 1,506 1,440 1,487 1,606 1,481 1,573 1,551 1,521 
Universities & colleges excluding FFRDCs .............. 5.031 4,791 4606 4,765 5,144 5,700 5,742 6219 6384 6,462 
FFRDCs administered by universities .................. 1809 1921 1,977 2,174 2,149 2,273 2,129 2,714 2,769 2,878 
Nonprofit institutions excluding FFRDCs ................ 1,305 1,147 1,092 1,191 1,384 1,524 1,462 1.447 1,479 1,350 
FFRDCs administered by nonprofit institutions ........... 521 563 521 558 552 618 482 432 422 £418 
State & local governments ..................0.000005. 313 238 184 178 121 116 112 125 122 112 
SD vicv io bee eden enlace cased sega ene eesustabeosns 249. «347 214 230 162 219 259 =$:%.2%2 223 #230 
Total basic research .......... 2.2.2.0... ce eee ee eee 5516 5409 5482 6,006 6532 7,010 7,116 7,564 7,905 8,150 
Federal intramural’......................0.200-0-0-. 1395 1,397 1,466 1,621 1,720 1,725 1,762 1,731 1,785 1,795 
industrial firms excluding FFRDCs ..................... 384 314 271 293 364 366 475 395 479 521 
FFRDCs administered by industry ..................... 83 79 87 80 84 110 103. = 101 111 113 
Universities & colleges excluding FFRDCs .............. 2,738 2,686 2,727 2,986 3,264 3,621 3,606 3,946 4048 4,200 
FFRDCs administered by universities .................. 515 526 517 567 603 624 #603 767 #+£«~|}829 871 
Nonprofit institutions excluding FFRDCs ................ 330 «=. 336 356 393 438 498 499 556 585 580 
FFRDCs administered by nonprofit institutions ........... 9 9 i] 8 8 11 11 11 11 12 
State & local governments ......... 2.2.2.0... 22020 8-. 28 28 25 31 26 27 27 32 33 32 
WR 6 64 6 06b.004e 6 cc eea ek eeed rene uce sense eiacecs 33 33 25 27 26 28 29 26 25 24 
Total applied research .......... 2.2.2... 2 ee eee eee 8.170 7,694 7,541 7,669 7,313 7,455 7,287 7610 7,592 7,448 
Federal intramural’ ....... 2.2.2.2. eee ee eee 2,931 2,931 2,729 2,898 2684 2809 2.742 2868 2836 2,774 
industrial firms excluding FFRDCs ..................... 2,068 1,787 1,886 1,772 1,656 1,570 1,601 1676 1622 1,702 
FFRDCs administered by industry ..................... 284 8 298 400 422 375 326 318 265 #258 +°®£250 
Universities & colleges excluding FFRDCs .............. 1627 1,520 1,318 1,301 1,385 1,513 1529 1,670 1,745 1,676 
FFRDCs administered by universities .................. 489 483 540 595 587 574 438 #477 487 463 
Nonprofit institutions excluding FFRDCs ................ 471 421 388 410 415 439 427 465 474 417 
FFRDCs administered by nonprofit institutions ........... 76 63 95 74 73 76 66 65 58 57 
State & local governments ..... 2.2... 150 110 101 100 55 53 52 45 a4 39 
PN es csbb bec enecstrcsuaeenenansesesseewnseens 74 80 83 97 82 96 113 80 68 70 
Total development .... 2.22 ce ee eee 21,517 22,413 23,410 23,465 25,184 28,895 30,468 31,557 32,571 32,134 
Federal intramural’....... 2.2.0... 200.6 eee 4680 4,711 4947 5633 6292 7,074 7,309 6,745 7,302 7,099 
industrial firms excluding FFRDCs ..................... 12,853 13,850 15,036 14,387 15,313 17,762 19,313 20,554 21,092 20,869 
FFRDCs administered by industry ..................... 1295 1,140 1,019 939 1,028 1,170 1,060 1,206 1,182 1,159 
Universities & colleges excluding FFRDCs .............. 666 585 560 478 495 566 607 603 591 586 
FFRDCs administered by universities .................. 805 912 920 1,011 959 1,074 1,088 1,470 1,454 1,544 
Nonprofit institutions excluding FFRDCs ................ 504 390 348 388 86531 586 536 426 420 352 
FFRUCs administered by nonprofit institutions ........... 437 491 416 476 471 531 404 356 353 349 
State & local governments ....... 2.2.0... eee. 135 100 58 47 40 36 33 49 45 41 
Foreign... cc cence eee eee 142 233 106 105 55 96 117. 147 «130 8=.: 1135 


FFRDC = Federally funded research and development center. 
‘Federal intramural activities cover costs associated with the administration of intramural and extramural programs by Federal personne! as well as actual intramural 
performance. 
SOURCE: NSF, Division of Science Resources Studies. 
Science & Engineering Indicators— 1989 
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Appendix table 4-8. Federal obligations to intramural performers for basic 


research, by agency: 1980-89 
All All other 
agencies DOE DOD NIH NASA NSF USDA agencies 
Millions of dollars 

1980 ..............020.. 1,182 6 199 320 225 68 180 184 
errr re es 1,302 6 226 335 216 99 202 218 
SE sca ssencvasenseanes 1,466 7 246 405 251 112 219 226 
1983 ......... 0.0.0 000.. 1,690 18 276 449 305 126 239 277 
er err 1,861 11 303 479 345 130 274 319 
0 rrr rere 1,961 21 301 S43 318 138 296 344 
1986 ..............000.. 2018 25 308 579 363 126 293 323 
a rere ree 2046 35 283 568 379 138 302 340 
1988 (est.) ............... 2,173 40 271 619 431 152 322 339 
1989 (est.) ............... 2,269 32 278 629 498 165 330 337 


SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
Science & Engineering indicators— 1989 
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Appendix table 4-9. Federal obligations for R&D, by selected agency, performer, and 


character of work: 1989 
Total all All other 
Performer agencies DOD DOE NIH NASA NSF agencies 
Millions of dollars 

Total research and development ................ 60,323 37,505 5,182 6.233 5,416 1.827 4,161 
Federal intramural .....................-.... 14,745 9,094 207 1,007 1,913 171 2,352 
industrial firms excluding FFRDCs ............. 29,184 25.213 910 194 2406 72 389 
FFRDCs administered by industry ............. 1,923 328 1,523 8 0 3 61 
Universities & colleges excluding FFRDCs ....... 8,167 1,129 3954028 351 1,384 880 
FFRDCs administered by universities ........... 3,638 8772011 30 577 #197 47 
Nonprofit institutions excluding FFRDCs ......... 1,706 271 61 875 147 98 255 
FFRDCs administered by nonprofit institutions .. . . 528 439 73 4 1 0 12 
State & local governments ................... 142 0 0 53 5 1 83 
SED 0b ¥uneu sce seeseesaseccdenewnne eee 290 153 2 35 17 1 83 
Total basic research .......................... 10,299 947 1,267 3,964 1,374 1,708 1,039 
Federal intramural ....................--..-.. 2,269 278 32 629 498 165 668 
industrial firms excluding FFRDCs ............. 659 99 22 6 386 56 32 
FFRDCs administered by industry ............. 142 1 132 4 0 3 3 
Universities & colleges excluding FFRDCs ....... 5,308 538 2702660 245 1,297 298 
FFRDCs administered by universities ........... 1,101 9 774 19 202 96 0 
Nonprofit institutions excluding FFRDCs ......... 734 19 23 538 37 —s «88 28 
FFRDCs administered by nonprofit institutions ... . 15 1 14 0 0 0 0 
State & local governments ................... 41 0 0 31 1 1 8 
EE, 6:60 60 end 5 C0 sd ce b Odes sbi scan enness 30 3 0 19 5 1 3 
Total applied research ........................ 9412 2,407 959 1,789 1,700 119 2,439 
Federal intramural .......................... 3,505 950 102 306 748 6 1,393 
Industria! firms excluding FFRDCs ............. 2,150 1,002 134 92 699 15 208 
FFRDCs administered by industry ............. 316 59 197 2 0 0 58 
Universities & colleges excluding FFRDCs ....... 2,118 261 114 1,091 47 = 87 517 
FFRDCs administered by universities ........... 585 68 335 6 151 0 24 
Nonprofit institutions excluding FFRDCs ......... 527 44 33 260 46 9 135 
FFRDCs administered by nonprofit institutions ... . 73 14 4 3 0 0 12 
State & local governments ................... 49 0 0 15 1 0 33 
Foreign 2.2.2.0... cece cece cece eee cece eee 89 8 1 14 7 0 60 
Total development ......................200-. 40,611 34,151 2,956 480 2,342 0 682 
Federal intramural ....................2000.. 8,971 7866 74 73 668 0 291 
industrial firms excluding FFRDCs ............. 26,374 24,112 754 38 1,321 0 149 
FFRDCs administered by industry ............. 1,465 269 1,194 2 0 0 0 
Universities & colleges excluding FFRDCs ....... 741 330 11 277 59 0 64 
FFRDCs administered by universities ........... 1,952 800 902 4 224 0 22 
Nonprofit institutions excluding FFRDCs ......... 445 208 5 77 63 0 92 
FFRDCs administered by nonprofit institutions ... . 441 424 16 0 0 0 0 
State & local governments ................... 52 0 0 7 3 0 43 
FOPEIQN 20 cece eee eee 171 143 0 2 5 0 21 


FFRDC = Federally funded research and development center. 
Note: Data are estimates. 
SOURCE: NSF, Division of Science Resources Studies, unpublished tabulations. 
See text table 4-3. 
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Appendix table 4-10. Federal obligations for basic research in industry, 


by agency: 1967-89 
All All other 
agencies DOE' DOD NIH NASA NSF USDA agencies 
Millions of current dollars ————-—-— 
ON iv nc eke coedueescacn 181 2 28 10 = 138 2 0 1 
1968 ...............02.. 195 2 21 8 163 1 0 1 
1969 ........0.0000000.. 185 2 18 5 154 2 0 5 
1970 ...............00.. 185 1 30 6 146 1 0 1 
Oe. oo ¢cees eeee bes caeds 167 1 42 7 114 1 0 1 
OE cv ouwawedencdtcssees 151 1 37 ~=—:10 97 2 0 4 
OD ov canes eeeeinvessen 176 0 35 11 125 3 1 1 
OD cc pcesnneeee 4645544 124 1 38S s«a16 64 3 1 3 
1975 ................... 119 0 42 11 53 6 0 5 
1976 ................2.. 131 0 41 14 66 6 0 3 
1977 ..............202.. 208 1 51 13. 135 5 1 4 
1978 ...............00.. 248 2 57 14 153 12 1 8 
1979 .... 0... cee. 277 2 66 19 175 6 2 7 
1980 ................... 325 4 88 18 195 11 3 8 
1981 ..... 0... ee eee. 293 7 77 18 161 2 4 6 
1982 ...............008. 271 6 100 13 119 20 0 12 
OE cae vieccecasecennets 306 25 105 20 127 21 0 7 
1984 ...............0... 394 22 91 28 215 24 0 14 
1985 ..............000.. 404 23 92 27 210 32 0 20 
1986 ...............00.. 545 19 9 34 #$314 58 0 27 
1987 ...............00.. 467 20 101 57 228 42 1 18 
1988 (est.) ............... 583 34 87 62 326 47 0 25 
1989 (est.) ............... 659 22 99 63 386 56 0 31 
Millions of constant 1982 dollars 
OE acts saecdaeeetceces 503 5 79 27 384 4 1 3 
1968 ...............005. 524 5 56 21 £437 3 1 2 
1969 ...............00.. 471 4 45 13 393 4 0 12 
OE ccwsaceuvtcneeuen es 446 3 71 15 352 2 0 2 
1971 2... eee eee eee 382 2 97 15 262 3 0 2 
1972 2. eee eee 329 1 80 22 211 4 0 10 
SE cicuiadcevawssaaeune 364 0 73. 22 259 5 2 2 
1974 ... 0... cece eee 238 1 72 3 123 5 1 5 
1975 2... cece eee 206 0 73 20 93~—~«*#11 1 4 
1976 .. 0.0... 211 0 66 23 106 10 0 5 
1977 .. 0... eee 311 1 76 19 201 7 1 5 
ee 345 3 80 20 213 17 1 12 
1979 ... 0... eee ee eee 356 2 85 25 224 8 3 “ 
1980 ...... 0... eee 384 5 103 21 230 13 3 9 
SE adaeeueuseeeeseesne 314 8 82 20 172 21 4 7 
ee 271 6 100 13 119 20 0 12 
ee 293 24 100 19 122 20 0 7 
OD 506046446 s0s6n64%65 364 20 84 26 198 23 0 13 
OE sekaveazceceeaceses< 362 21 83 24 188 29 0 18 
SE. séacacecdwaseceebee 475 16 82 29 274 51 0 23 
1987 2.0... eee eee 395 17 8 48 193 36 1 15 
1988 (est.) ............... 479 28 71 51 268 39 0 21 
1989 (est.) ............... 521 17 78 «6550 ) «630606— 45 0 25 


‘Atomic Energy Commission, 1967-73; Energy Research and Development Administration, 1974-76; Depart- 
ment of Energy, 1977-present. 

SOURCES: NSF, Federai Funds for Research and Development, Detailed Historical Tables: Fiscal Years 
1955-87, and Fiscal Years 1986, 1987, and 1988 (Washington, DC: NSF); and unpublished tabulations. 
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Appendix table 4-11. Federal obligations for basic research, by S/E field: 1980-89 


1988 1989 
S/E field 1980 1981 1982 1983 1984 1985 1986 1987 (est.) (est.) 
Millions of current dollars —— 
Total, all fields ............. 4674 5,041 5482 6260 7,067 7,819 8,153 8,944 9,623 10,300 
Life sciences, total .......... 2,054 2,224 2,526 2,891 3,288 3,787 3,859 4,364 4674 4,860 
Biological & agricultural, total 1,339 1,462 1,675 1,929 2,175 2516 2543 2,870 3,079 3,219 
Biol (excl. environmental) . 1,100 1,202 1,401 1,622 1836 2,106 2,152 2,462 2640 2,765 
Environmental biology .. . . 86 83 83 93 121 126 126 141 145 158 
Agricultural ............ 154 177 190 214 218 284 266 268 294 296 
Medical sciences, total ..... 657 706 793 879 1,015 1,145 1,197 1,343 1,430 1,470 
Life sciences,N.E.C. ...... 58 55 58 84 98 126 119 151 165 171 
Psychology, total ........... 84 91 90 93 108 133 133 147 15} 162 
Physical sciences, total ...... 1,221 1,325 1,394 1,587 1,728 1,815 1,914 2,096 2,285 2,548 
Astronomy .............. 279 «274 «=6—271 385—is«38’]D 401 453 505 582 656 
Chemistry ............... 257 298 312 362 403 425 433 445 456 486 
BD 6656 9454065 %0044> 668 735 791 855 921 960 1,003 1,072 1,175 1,308 
Physical sciences, N.E.C. . . . 16 17 20 15 24 30 25 74 72 99 
Environmental sciences, total . . 522 533 520 580 657 700 749 781 863 946 
Atmospheric science ....... 179 174 163 173 192 209 240 244 271 302 
Geological............... 198 194 178 178 198 250 266 266 293 332 
Oceanography ........... 131 143 155 196 220 219 224 250 272 284 
Environmental sciences, 
N.E.C. 2.0.22... ee ee 14 22 25 34 46 21 19 21 26 28 
Mathematics & computer 
science, total .............. 116 140 165 208 241 260 293 306 331 396 
Mathematics ............. 67 79 91 101 114 130 142 158 164 180 
Computer science ......... 46 52 67 90 105 116 131 129 143 182 
Mathematics & computer 
science, N.E.C 3 g 7 17 22 14 20 20 24 34 
Social sciences, total ........ 147 137 120 138 133 141 114 130 134 136 
Anthropology ............ 14 13 13 11 17 16 11 12 13 13 
Economics .............. 40 34 39 41 30 34 26 29 30 32 
Political science .......... 7 6 4 5 4 6 4 6 6 5 
Sociology ............... 25 23 19 33 34 32 30 34 36 35 
Social sciences, N.E.C 60 61 45 48 48 52 42 48 49 51 
Engineering, total ........... 465 526 611 690 845 884 969 990 1,058 1,115 
Aeronautical ............. 104 113 127 141 226 192 226 237 280 314 
Astronautical ............. 27 33 45 50 52 42 53 4g 62 70 
Chemical ................ 26 31 35 50 56 74 73 78 88 69 
i ¢edee6¢ssde00n0 nese 22 23 32 32 42 44 45 46 83 55 
Electrical ................ 71 79 94 96 130 145 156 175 128 165 
Mechanical .............. 42 47 53 61 64 88 84 87 93 92 
Metallurgy & materials ..... 121 139 156 183 187 212 229 210 215 238 
Engineering, N.E.C 52 61 69 76 88 88 103 108 109 112 
(continued) 
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Appendix table 4-11. (Continued) 


1988 1989 
S/E field 1980 1981 1982 1983 1984 1985 1986 1987 (est) (est.) 

Millions of constant 1982 dollars 
Total, allfields ............. 5,516 5,409 5,482 6,006 6532 7,010 7,116 7,564 7,905 8,150 
Life sciences, total .......... 2,424 2,386 2,526 2,774 3,039 3,395 3,368 3,690 3,840 3,845 


Biological & agricultural, total 1,581 1,569 1,675 1851 2,010 2,255 2219 2,428 2530 2,547 
Biol (excl. environmental) . 1,298 1,289 1,401 1,556 1,697 1,889 1,878 2,082 2,169 2,188 


Environmental biology . . . . 102 89 83 89 112 113 110 119 119 125 
Agricultural ............ 181 190 190 206 202 254 232 227 242 234 
Medical sciences, total ..... 775 758 #793 843 938 1,027 1,044 1,136 1,175 1,163 
Life sciences, N.E.C. ...... 68 59 58 80 90 113 104 12/ 135 135 
Psychology, total ........... 99 98 90 89 100 119 116 124 124 128 
Physical sciences, total ...... 1,440 1,421 1,394 1523 1,597 1,628 1,671 1,773 1,877 2,016 
Astronomy .............. 330 294 8271 340 351 359 395 427 478 519 
Chemistry ............... 303 320 312 348 373 381 378 376 374 384 
Physics ................. 789 789 = 791 820 852 861 876 907 965 1,035 
Physical sciences, N.E.C. . .. 19 18 20 15 22 27 22 63 59 78 
Environmental sciences, total . . 616 572 520 557 607 627 654 661 709 748 
Atmospheric science ....... 211 186 163 166 178 188 210 206 223 239 
Geological............... 234 208 178 171 183 224 232 225 241 262 
Oceanography ........... 154 154 155 188 203 197 196 211 224 225 
Environmental sciences, 
N.E.C. ................ 17 23 25 32 43 19 16 18 21 22 
Mathematics & computer 
science, total............. 137 151 165 200 223 233 256 259 272 313 
Mathematics ............. 79 85 91 97 105 117 124 134 135 143 
Computer science......... 55 56 67 87 97 104 115 109 118 144 
Mathematics & computer 
science, N.E.C. ........ 4 10 7 16 21 12 17 16 19 27 
Social sciences, total ........ 174 147 120 132 123 126 99 110 110 108 
Anthropology ............ 17 14 13 11 16 14 10 10 1G 11 
Economics .............. 47 37 39 39 27 31 23 25 25 25 
Political science .......... Sg 7 4 4 4 5 4 5 5 4 
iology ............... 30 24 19 31 31 29 26 29 29 27 
Social sciences, N.E.C. 71 65 45 46 44 47 37 41 41 41 
Engineering, total ........... 549 564 = 611 662 781 793 845 837 869 882 
Aeronautical ............. 123 122 127 135 208 172 198 201 230 249 
Astronautical............. 32 36 45 48 48 37 46 41 51 55 
Chemical................ 31 34 35 48 51 67 C4 66 73 55 
nl cvs ehiesenaenee ees 50 26 25 32 31 39 39 39 39 68 43 
ere 83 84 94 92 121 130 136 148 105 130 
Mechanical .............. 50 51 53 58 59 79 73 74 76 73 
Metallurgy & materials ..... 143 149 156 175 173 190 199 177 176 188 
Engineering, N.E.C. ....... 61 65 69 73 81 79 90 91 90 89 


N.E.C. = Not elsewhere classified. 


SOURCE: NSF, Division of Science Resources Studies, Federal Funds for Research and Development: Fiscal Years 1987, 1988, and 
1989, NSF 89-304 (Washington, DC NSF, 1989). 
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Appendix table 4-12. Federal obligations for applied research, by S/E field: 1980-89 
1988 1989 
S/E field 1980 1981 1982 1983 1984 1985 1986 1987 (est.) /(est.) 
Millions of current dollars 
Total, all fields ............. 6,923 7,172 7,541 7,993 7,911 8315 8349 8999 9241 9413 
Life sciences, total .......... 2,138 2,212 2,220 2,287 2,348 “578 2,606 2,980 3,135 3,094 
Biological & agricultural,total 1,168 1,249 1,137 1,136 1,150 1,240 1,318 1,488 1,576 1,557 
Biol (excl. environmental) . 731 795 £678 684 727 779 842 1,041 1,120 1,083 
Environmental biology . . . . 144 #137 100 101 129 135 138 149 153 170 
Agricultural ............ 294 317 £359 351 294 326 338 299 303 304 
Medical sciences, total ..... 880 904 980 1,049 1,098 1,223 1,164 1,324 1,395 1,351 
Life sciences, N.E.C. ...... 90 59 103 102 100 113 123 +=: 168 165 187 
Psychology, total ........... 115 118 129 148 159 194 201 222 8 227 235 
Physical sciences, total ...... 780 896 1,107 1,304 1,241 1,231 1,155 1,157 1,102 1,160 
Astronomy .............. 6 7 5 3 3 14 15 18 17 20 
Chemistry ............... 198 189 169 158 203 225 229 235 #;‘;+}222 219 
0 ere err 514 610 820 1,000 915 856 803 781 765 804 
Physical sciences, N.E.C. ... 62 90 113 144 120 135 108 122 98 116 
Environmental sciences, total . . 739 ©6588 628 671 619 704 733 731 768 745 
Atmospheric science ....... 231 200 263 288 242 277 ~=— 281 309 «= 312 344 
Geological ............... 203 202 180 155 161 179 178 176 189 180 
Oceanography ........... 131 118 107 148 143 179 205 178 190 138 
Environmental sciences, 
N.E.C. ................ 173 68 79 80 73 69 68 68 78 84 
Mathematics & computer 
science, total .............. 125 139 185 211 200 315 322 334 #351 391 
Mathematics ............. 24 39 37 33 37 53 42 46 48 50 
Computer science ......... 82 69 104 124 110 164 171 169 172 182 
Mathematics & computer 
science, N.E.C. ......... 18 31 44 55 53 97 109 =s-«1119 132 158 
Social sciences, total ........ 377s (361 266 298 304 319 302 351 353 359 
Anthropology ............ 3 2 2 2 2 2 2 3 3 3 
Economics .............. 153 173 118 125 118 125 105 120 128 120 
Political science .......... 5 5 3 7 7 g 8 6 7 7 
Sociology ............... 46 42 33 35 36 34 37 40 38 39 
Social sciences, N.E.C. .... 170 140 110 130 141 149 150 183 178 190 
Sciences, N.E.C. ........... 286 314 #231 247 262 242 23=261 307s 281 291 
Engineering, total ........... 2,365 2,545 2,776 2,828 2,779 2,733 2,770 2,917 3,024 3,138 
Aeronautical ............. 604 596 615 680 635 547 549 573 615 724 
Astronautical ............. 275 = 271 246 271 344 383 474 576 #424607 726 
Chemical ................ 70 3=—s:116 60 95 89 180 173 138 156 118 
BN onan ad 6006-0444 640544 137s 136 170 156 161 173 158 159 160 167 
Electrical ................ 447 478 # £519 519 500 482 518 611 564 568 
Mechanical .............. 166 157 148 206 126 179 153 146 145 145 
Metallurgy & materials ..... 115 118 153 150 154 227 4217 «23152 #4247 178 
Engineering, N.E.C. ....... 552 673 # «4866 751 770 563 529 562 £530 511 
(continued) 
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Appendix table 4-12. (Continued) 


1988 1989 
S/E field 1980 1981 1982 1983 1984 1985 1986 1987 (est) (est.) 
Millions of constant 1982 dollars — 
Total, all fields ............. 8.170 7,694 7,541 7,669 7,313 7,455 7,287 7,610 7,592 7,448 
Life sciences, total .......... 2,523 2,373 2,220 2,194 2,171 2310 2,274 2520 2575 2,448 
Biological & agricultural, total 1.378 1,340 1,137 1,090 1,063 1,112 1,151 1,259 1,294 1,232 
Biol (excl. environmental) 862 853 678 656 672 699 735 880 920 857 
Environmental biology . . . 169 147 100 97 119 121 121 126 126 135 
Agricultural ............ 347 341 359 337 272 292 295 253 249 241 
Medical sciences, total ..... 1,038 970 980 1,006 1,014 1,097 1,016 1,120 1,146 1,069 
Life sciences, N.E.C 106 63 103 98 93 101 108 142 135 148 
Psychology, total ........... 135 126 129 142 147 174 175 188 186 186 
Physical sciences, total ...... 920 961 1,107 1,251 1,147 1,104 1,008 978 905 917 
Astronomy .............. 7 7 5 3 Z 13 13 15 14 16 
Chemistry ............... 233 202 169 152 t 202 200 199 182 173 
ee 607 655 820 959 846 768 700 661 628 636 
Physical sciences, N.E.C 73 96 113 138 111 121 94 104 81 92 
Environmental sciences, total 872 631 628 644 572 631 639 618 631 589 
Atmospheric science ....... 272 214 263 276 224 248 245 261 256 272 
Geological ............... 240 217 180 149 149 160 156 149 155 142 
Oceanography ........... 155 127 107 142 133 161 179 150 156 109 
Environmental sciences, 
N.E.C. ................ 205 73 79 77 67 62 59 58 64 66 
Mathematics & computer 
science, total .............. 147 149 185 203 184 282 281 283 289 309 
Mathematics ............. 28 41 37 31 34 48 37 39 39 39 
Computer science ......... 97 74 104 119 101 147 149 143 141 144 
Mathematics & computer 
science, N.E.C 21 33 44 52 49 87 95 101 108 125 
Social sciences, total ........ 444 387 266 285 281 286 264 296 290 284 
Anthropology ............ 3 2 2 2 2 2 2 2 2 2 
Economics .............. 180 185 118 120 109 112 92 101 105 95 
Political science .......... 6 5 3 6 6 8 7 5 6 6 
Sociology ............... 54 45 33 34 34 30 32 33 31 31 
Social sciences, N.E.C 201 150 110 125 131 134 131 154 146 150 
Sciences, N.E.C. ........... 337 336 231 237 242 217 228 260 231 230 
Engineering, total ........... 2,791 2,731 2,776 2,713 2,569 2,451 2418 2467 2,484 2,483 
Aeronautical ............. 713 640 615 652 587 490 479 485 506 573 
Astronautical ............. 325 291 246 260 318 344 414 487 499 575 
Chemical................ 83 125 60 g° 82 161 151 117 128 94 
Di sbeeenseeeeescebeess 161 146 170 150 149 155 138 134 132 132 
Electrical ................ 527 513 519 498 462 432 452 517 463 450 
Mechanical .............. 196 169 148 197 117 160 134 124 119 115 
Metallurgy & materials ..... 135 126 153 144 142 204 189 129 203 141 
Engineering, N.E.C. ....... 651 722 866 721 712 505 461 475 435 405 


N.E.C. = Not elsewhere classified. 


SOURCE: NSF, Division of Science Resources Studies, Federal Funds for Research and Development, Fiscal Years 1987, 1988, and 


1989, NSF 89-304 (Washington, DC: NSF, 1989). 
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Appendix table 4-13. Federal obligations for defense and nondefense R&D, by character of work: 1960-89 


Total Basic research Applied research Development 
Total Defense Nondefense Total Defense Nondefense Total Defense Nondefense Total Defense Nondefense 
Billions of constant 1982 dollars’ ———____ —- _ _ 
1967 ........... 46.0 22.4 23.6 5.1 08 43 78 3.6 4.1 33.1 18.0 15.1 
1968 ........... 428 20.7 22.1 49 0.7 42 79 3.5 44 30.0 16.5 13.5 
1969 ........... 39.9 19.6 20.3 5.0 0.7 43 6.9 29 40 28.1 16.0 12.0 
1970 ........... 37.0 17.7 19.2 46 08 3.9 72 2.4 4.7 25.2 14.5 10.6 
1971 ........... 35.6 17.2 18.4 45 0.7 3.8 7.2 2.3 49 23.9 14.2 97 
1972 ........... 35.8 18.1 178 4.7 0.7 4.0 7.3 2.6 4.7 23.8 14.8 9.0 
1973 ........... 34.7 17.4 17.4 46 06 4.0 6.9 2.3 46 23.2 14.4 88 
1974........... 33.4 16.1 17.2 46 06 40 73 2.2 5.1 21.5 13.4 8.1 
1975 ........... 33.1 15.7 17.4 45 05 40 72 2.0 5.2 21.4 13.2 82 
1976 ........... 33.5 15.6 17.9 45 0.5 3.9 78 1.9 5.9 21.2 13.1 8.1 
1977 ........... 35.0 16.4 18.6 49 0.6 43 78 2.0 58 22.3 13.8 85 
1978 ........... 36.0 16.1 19.9 5.2 0.6 46 8.2 2.0 6.3 22.6 13.6 9.1 
1979 ........... 36.1 16.1 20.1 5.4 0.6 48 8.1 2.0 6.2 22.€ 13.5 9.1 
1980 ........... 35.2 16.5 18.7 55 0.6 49 8.2 2.0 6.1 21.5 13.8 7.7 
1981 ........... 35.5 17.7 178 5.4 0.6 48 7.7 2.1 5.6 22.* 14.9 75 
1982 ........... 36.4 20.6 15.8 55 0.7 48 75 2.3 5.3 dl 17.7 5.7 
1983 ........... 37.1 22.1 15.1 6.0 08 5.3 7.7 2.3 5.3 23.5 19.0 45 
1984 ........... 39.0 23.5 15.6 6.5 08 5.7 7.3 2.0 5.3 25.2 20.6 45 
1985 ........... 43.4 26.7 16.6 7.0 0.8 6.2 75 2.1 5.4 28.9 23.9 5.0 
1986 ........... 449 28.7 16.1 7.1 08 6.3 7.3 2.0 5.3 30.5 25.9 45 
1987 (est.) ...... 46.7 29.8 16.9 7.6 08 6.8 76 2.1 55 31.6 27.0 46 
1988 (est.) ...... 48.1 30.0 18.0 7.9 0.7 7.2 76 1.9 5.7 32.6 27.4 5.2 
1989 (est.) ...... 47.7 29.7 18.1 8.1 0.7 7.4 7.4 1.9 5.5 32.1 27.0 5.1 


'See appendix table 4-1. GNP implicit price defiators used to convert current dollars to constant 1982 dollars. 


SOURCES: NSF, Federal Funds for Research and Development, Detailed Historical Tables, Fiscal Years 1986, 1987, and 1988 (Wasnington, DC: NSF): and unpublished 
tabulations. 


See text table 4-2 and figure O-5 in Overview. 
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Appendix table 4-14. Reimbursed and unreimbursed costs incurred for independent 
research and development (IR&D): 1976-87 


1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 


Millions of current dollars 
Total IR&D costs 
incurred by industry .. 1,388 1,560 1,788 2,104 2,373 2,796 3,654 4,017 5,173 5,034 5,042 4,715 
Accepted by 
Government IR&D 
program ........... 1,061 1,199 1,365 1,517 1,728 2,039 2,821 2,961 3,897 3,498 3,537 3,438 
By DOD ......... 544 598 643 708 812 1,056 1,338 1,601 1,884 2,099 2,198 2,116 
By NASA ........ 44 46 49 54 57 66 67 728 86 88 $77 67 
Unreimbursed ..... 476 555 673 755 859 917 1,416 1,282 1,927 1,311 1,262 1,255 
Not accepted under 
IR&D program ...... 327 361 423 587 645 757 82 1,0&6 1,276 1,536 1,505 1,277 


SOURCES: Defense Contract Audit Agency, Summary of Independent Research and Development and Bid and Proposal Cost, 
1979-88 (Washington, DC: Defense Contract Audit Agency, ongoing series); and NASA, unpublished tabulations. 
See figure 4-5. 
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Appendix table 4-15. independent research and development 


reimbursements: 1978-87 


\R&D as a percentage of 
DOD and NASA DOD and 
DODand —_R&Dobligations wasaRsp DOD and NASA R&D 
NASA IR&D Total to tota? —_ performed by industry? 
reimbursement Total industry’ (a) (b) 
—— Millions of dollars —— -~—-—~- Percent -———-- 
1978 .......... 692 14,887 9,458 46 7.3 
1979 .......... 763 16,085 10,079 47 7.6 
1980 .......... 866 17,215 11,038 5.0 78 
1981 .......... 1,122 20,102 13,027 5.6 8.6 
1982 .......... 1,405 23,701 15,376 5.9 9.1 
1983 .......... 1,679 25,654 15,700 6.5 10.7 
1984 .......... 1,970 28,195 17,340 7.0 11.4 
1985 .......... 2,188 33,119 20,645 6.6 10.6 
1986 .......... 2,275 36,358 23,232 6.2 98 
1987 (est.) ...... 2.183 40,429 25,725 53 8.5 


‘includes R&D performed by federally funded research and development centers administered by the industrial 


sector. 


2Perentages calculated as follows: numerator in (a) is total DOD and NASA R&D including R&D; numerator 
in (b) is total DOD and NASA IR&D reimbursements, and denominator is NASA and DOD R&D performed by 
industry, including R&D. 
SOURCES: Defense Contract Audit Agency, Summary of independent Research and Development and Bid 
and Proposal Cost, 1979-88 (Washington, DC: Defense Contract Audit Agency, ongoing series); NASA, 
unpublished tabulations; and NSF, Federa/ Funds for Research and Development: Fiscal Years 1987, 1988, 
and 1989, NSF 89-304, Detailed Historical Tables (Washington, DC: NSF, 1989). 


Appendix table 4-16. Federal R&D funding by budget function: FYs 1981-90 
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1989 1990 
Function 1981 1982 1983 1984 1985 1986 1987 1988 (est.) (est.) 
Millions of dollars 
Total cee eee eee 33,735 36,115 38,768 44,214 49,887 53,249 57,069 59,106 61,823 67,833 
National defense ..................005. 18,413 22,070 24,936 29,287 33,698 36,926 39,152 40,099 40,574 44,296 
SED 5.6 500400606650006000606008004< 3,871 3,869 4298 4779 5418 5565 6556 7076 7,724 8,229 
Space research and technology .......... 3,111 2584 2,134 2300 2,725 28694 3398 3683 4,589 6,146 
General science .................00005. 1,340 1359 1,502 1676 1862 1873 2,042 2,160 2,379 2,652 
ED eh adensgategneneseesseersseues 4 3012 2,578 2,581 2389 2,286 2,053 2,126 2427 2,333 
Transportation 0... cee 869 791 876 1,040 1,030 917 908 896 1,019 1,129 
Natural resources and environment........ 1,061 965 952 963 1,059 1062 1,133 1,160 1,208 1,140 
pGceueseGnpeussandeéesaenss 659 693 745 762 836 815 822 882 910 901 
PEED 6 6.0906.60000000sensesesse08- 298 228 189 200 229 248 267 285 343 347 
Veterans benefits and services ........... 143 139 157 218 193 183 215 195 212 199 
International affairs .... 2.00.0... cc ee 160 165 177 192 210 211 223 224 141 169 
Commerce and housing credit............ 106 104 107 110 114 111 110 122 134 132 
Community and regional development ..... 104 63 44 46 50 88 99 108 77 79 
Administration of justice ................. 34 31 37 24 47 41 49 51 45 40 
Income security .. 0... eee 43 32 32 26 21 14 25 23 27 25 
General government ................... 22 10 6 8 17 14 17 17 15 17 


Note: Data for 1981-87 are shown in actual budget authority. Data for 1989 and 1990 are estimates based on the FY 1990 budget. 
SOURCE: NSF, Federal R&D Funding by Budget Function, Fiscal Years 1988-90, NSF 89-306 (Washington, DC: NSF, 1989). 


See figure 4-6. 
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Appendix table 4-17. Budget authority for basic research, by function: FYs 1981-90 


1989 1990 
Function 1981 1982 1983 19@4 1985 1986 1987 1988 (est.) (est) 
—_-_-- Giasdéine ———— 
WO en cpvewyesvevvev ee eewececeduees 5,107 5,305 6247 7,072 7,810 8,193 9,021 9530 10,319 11,192 
National defense ..................... es 610 696 788 845 856 960 900 905 968 939 
BND covceussccseecesvewsaesavesevenees 1,951 1,953 2475 2813 3,243 3,324 3,851 4,087 4416 4,756 
Space research and technology ............. 445 434 501 646 498 737 843 944 1.101 1,243 
General science ...................-..... 1.256 1,296 1,439 1,606 1,779 1,795 1942 2061 2268 2,525 
BE ccc cuseevesdereséeeceees ,eseees 220 260 320 365 428 456 £511 571 614 634 
Natural resources and environment .......... 131 139 156 192 206 204 206 210 244 262 
Transportation ........................... 88 102 117 125 255 184 8=—231 197 249 8226 
Agriculture ..................--.-----2-.. 281 295 326 353 4066 390 397 428 438 457 
international affairs ....................... 12 10 10 3 4 5 3 3 2 1 
Education, training, employment and social 
serviceS ..............-- 22-222 eee eeee 66 78 70 77 86 83 78 83 86 34 
Veterans benefits and services .............. 15 13 14 15 15 15 17 17 19 15 
Commerce and housing credit .............. 17 17 19 20 23 26 26 28 28 28 
Administration of justice ................... 5 4 4 5 4 5 8 8 10 6 
Community and regional development ........ 5 7 6 5 6 6 < 7 5 4 
Income security .....................-24.. 3 0 0 0 0 0 0 0 0 0 
General government ...................... 3 2 3 3 4 5 ~ 5 3 3 


Note: Data for 1978-87 are shown in actua! budget authority. Data for 1989 and 1990 are estimates based on the FY 1990 budget. 
SOURCE: NSF, Federal R&D Funding by Budget Function, Fiscal Years 1988-90, NSF 89-306 (Washington, DC: NSF, 1989). 
See figure 4-6. 
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Appendix table 4-18. industrial expenditures for R&D, by selected SIC code, character of work, and source of funds: 1986 


Total Federal Company Total Federal Company Total Federal Company 
~—— Millions of dollars 
Total, all industries ....... 2,568 482 2,086 15611 3,727 11,8684 62,452 23,574 38,878 
Chemicals and allied 
ee 28 649 7 642 3,452 137 3,315 4,920 104 4,816 
industrial chemicals . 281 -82,286 303 7 296 §=1,715 136 1,579 2,041 104 1,937 
Drugs and medicines 283 286 0 286 NA NA NA NA 0 NA 
Other chemicals ....... 284-85,287-89 60 0 60 NA NA NA NA 0 NA 
Petroleum refining ....... 29 NA NA NA NA NA NA 987 3 984 
Machinery ............. 35 171 NA NA 1,475 NA NA 9,050 994 8,056 
accounting ......... 357 NA NA NA 1,090 NA NA NA NA 6,114 
Other machinery, except 
electrical ........... 351-56,358-59 NA NA NA 385 17 368 NA NA 1,942 
Electrical equipment ..... 36 542 105 437 =. 2,533 579 1,954 14,955 6,885 8,070 
Communication 
equipment.......... 366 304 55 249 #8 1,275 422 853 7,385 3,332 4,053 
Electronic components 367 197 NA NA 521 NA NA 2,402 530 1,872 
Transportation equipment . 37 283 156 127 3467 #1,816 1,651 22,621 12,868 9,753 
Aircraft and missiles .... 372,376 237 154 83 2,719 1,668 1,051 13,284 10,277 3,007 
SIC = Standard industria! Classification 


NA = Not available (due to privacy/disclosure restrictions). 
SOURCE: NSF, Division of Science Resources Studies, unpublished estimates. 
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Appendix table 4-19. R&D expenditures, and R&D expenditures as a percentage of GNP: 1961-87 


R&D expenditures’ R&D expenditures as a percentage of GNP 

West United United West United United 

France* Germany Japan Kingdom States France’ Germany Japan Kingdom States 

Billions of constant 1982 dollars Percent —_—— 
1961... 3.2 NA 3.9 8.1 458 14 NA 14 25 2.7 
1962... 3.6 42 44 NA 48.2 1.5 1.2 1.5 NA 2.7 
1963... 4.0 49 49 NA 52.6 1.6 1.4 1.5 NA 28 
1964... 5.0 58 55 84 57.2 18 1.6 15 2.3 23 
1965... 5.8 6.7 6.1 NA 59.4 2.0 1.7 1.6 NA 28 
1966... 63 73 6.6 8.8 62.6 2.1 18 1.5 23 28 
1967... 6.8 73 76 8.9 64.4 22 2.0 16 23 28 
1968 ... 7.0 8.4 9.0 9.1 65.5 2.1 2.0 1.7 22 2.8 
1969... 7.1 8.3 10.5 94 64.7 2.0 1.8 1.7 23 2.7 
1970... 7.1 99 12.4 NA 62.4 1.9 2.1 19 NA 26 
1971... 7.4 10.9 13.3 NA 60.4 19 22 1.9 NA 24 
1972... 7.7 11.4 14.7 93 61.4 1.9 22 1.9 2.1 2.3 
1973... 7.7 11.3 16.1 NA 624 18 2.1 2.0 NA 2.3 
1974... 8.1 11.5 16.4 NA 61.5 18 2.1 2.0 NA 2.2 
1975... 8.1 11.9 16.7 10.1 59.9 1.8 22 2.0 2.1 22 
1976... 8.4 12.1 17.3 NA 62.1 18 2.1 2.0 NA 2.2 
1977... 8.6 12.4 18.0 NA 63.7 18 2.1 2.0 NA 2.1 
1978... 8.9 13.3 19.1 11.1 66.8 1.8 22 2.0 22 2.1 
1979... 9.4 15.0 21.0 NA 70.1 1.8 24 2.1 NA 2.2 
1980... 9.8 15.3 23.1 NA 73.2 18 24 22 NA 2.3 
1981... 108 15.9 25.5 12.2 76.6 2.0 25 23 24 24 
1982... 115 16.3 27.4 NA 79.4 2.1 26 2.4 NA 25 
1983... 119 16.4 239.9 11.9 84.0 2.1 2.6 2.6 22 2.6 
1984... 126 16.9 32.4 NA 90.7 22 26 26 NA 2.6 
1985... 13.1 18.5 36.1 12.9 97.0 2.3 28 28 2.3 2.7 
1986... 13.6 18.6 36.6 13.8 98.6 23 2.7 28 24 2.7 
1987... 13.7 19.4 39.1 NA 100.8 23 28 29 NA 26 


NA = Not available. 


‘Conversions of foreign currencies to '!.S. dollars are calculated with OECD purchasing power parity exchange rates. Constant 1982 dollars 
are based on U.S. Department of Commerce GNP implicit price defiators. 


2French data are based on Gross Domestic Product (GDP): consequently, percentages may be slightly overstated compared to GNP 
SOURCES: NSF ; Organisation for Economic Co-operation and Development (OECD): international Monetary Fund. and national sources 
See figures O-1 and O-2 in Overview. 
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Appendix table 4-20. Estimated nondefense R&D expenditures, and R&D expenditures as a 
percentage of GNP: 1971-87 
West United United West United §_ United 
France Germany Japan Kingdom States France’ Germany Japan Kingdom States 
——— Billions of constant 1982 dollars? ———— As a percentage of GNP 
1971 ..... 5.7 10.1 13.2 NA 42.1 1.5 2.0 1.9 NA 1.7 
1972 ..... 6.1 10.7 14.6 6.9 42.3 1.5 2.1 1.9 1.5 1.6 
1973 ..... 6.0 10.5 16.0 NA 44.3 1.4 1.9 2.0 NA 1.6 
1974 ..... 6.5 10.7 16.3 NA 44.8 1.4 2.0 2.0 NA 1.6 
1975 ..... 6.6 11.2 16.6 7.2 43.6 1.5 2.1 2.0 1.5 1.6 
1976 ..... 6.8 11.3 17.2 NA 45.6 1.4 2.0 2.0 NA 1.6 
1977 ..... 7.0 11.6 17.9 NA 46.0 1.4 2.0 2.0 NA 1.6 
1978 ..... 7.1 12.5 18.9 8.0 48.9 1.4 2.1 2.0 1.6 1.6 
1979 ..... 7.4 14.2 20.8 NA 52.5 1.4 2.3 2.1 NA 1.6 
1980 ..... 7.6 14.5 23.0 NA 55.8 1.4 2.3 2.2 NA 1.7 
1981 ..... 8.1 15.2 25.4 8.7 57.0 1.5 2.4 2.3 1.7 1.8 
1982 ..... 9.0 15.6 27.2 NA 57.3 1.6 2.5 2.4 NA 1.8 
1983 ..... $4 15.7 29.7 8.4 60.0 1.7 2.5 2.5 1.6 1.8 
1984 .... 99 16.2 32.2 NA 63.5 1.7 2.5 2.6 NA 1.8 
1985 ..... 10.5 17.6 35.8 9.2 66.6 1.8 2.6 2.8 1.6 1.8 
1986 ..... 10.9 17.7 36.3 10.3 66.2 1.8 2.6 2.8 1.8 1.8 
1987 ..... 10.9 18.4 38.8 NA 67.5 1.8 2.6 2.8 NA 1.8 


NA = Not available. 
‘French data are based on gross domestic product; consequently, percentages may be slightly overstated compared to GNP. 


2Foreign currency conversions to U.S. dollars are calculated with purchasing power parity exchange rates of the Organisation for Economic 
Co-operation and Development. See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 
doliars 


Note: After 1977, U.S. data are budget authority instead of budget obligations. 
SOURCES: NSF; Organisation for Economic Co-operation and Development (OECD); international Monetary Fund: and national sources. 
See figure O-3 in Overview. 
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Appendix table 4-21. Basic research expenditures as a 
percentage of total R&D: 1975-86 


West United United 
France Germany Japan Kingdom States 
Percent 

eee NA 26 15 14 13 
1976 .......... NA 25 18 13 13 
1977 .......... 21 25 17 13 13 
1978 .......... NA 22 18 13 13 
1979 .......... 21 20 17 13 13 
1980 .......... 21 21 15 13 13 
1981 .......... 21 21 15 12 13 
1982 .......... 21 21 15 NA 13 
re 21 20 15 NA 13 
1984 .......... 20 NA 14 NA 12 
1985 .......... 20 18 13 NA 12 
1986 .......... 20 NA 13 NA 12 
1987 .......... NA NA NA NA 12 


NA = Not available. 

Notes: Data for basic research are somewhat less reliable than those for total R&D 
expenditures. Each percentage generally relates to the total current R&D expendi- 
tures; for countries other than the United States, this may include some general 
university funds. Data for France and the United Kingdom are estimated for certain 
years. 

SOURCES: NSF; Organisation for Economic Co-operation and Development 
(OECD); and national sources. 


See figure 4-7. 
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Appendix table 4-22. R&D appropriations, by socioeconomic objective: 1987 


West United —§_ United 
Objective France Germany Japan Kingdom States 
Percent 

ve 100.0 100.0 100.0 100.0 100.0 
Agriculture, forestry, andfishing ........ 3.6 2.0 4.0 42 2.3 
industrial development ............... 10.6 15.3 48 8.7 0.2 
EE 6056655404400 50445004655 40085 6.7 8.7 23.2 3.5 3.6 
Infrastructure ...............-....... 3.2 1.9 18 1.5 1.8 
Transport and telecommunications .... (*) (") 1.4 0.4 1.6 
Urban and rural planning ............ (") (") 0.4 12 0.2 
Environmental protection. ............ 0.4 3.3 0.5 1.0 05 
BR, ne cence endeyesie etx dsxie> 3.6 3.2 2.4 43 11.9 
Social development and services ....... 2.7 23 1.0 15 1.0 
Earth and atmosphere ................ 1.4 1.9 1.0 1.7 0.7 
Advancement of knowledge ........... 26.6 438 508 20.2 3.6 
Advancement of research ........... 14.7 12.3 7.3 46 3.6 
General university funds ............ 12.0 315 435 15.6 (2) 
Do s.606 ek tencteweseeee tees 5.9 49 6.1 2.7 6.0 
Defense ....................22--..-.. 34.1 12.5 45 50.3 68.6 
Not elsewhere classified .............. 1.0 0.1 — 0.3 — 


‘Not separately available but included in subtotal. 
2The United States does not have an equivalent to Europe's and Japan's general university funds. 
Notes: Percentages may not add to 100 because of rounding. Additionally, because of general university funds 
and slight differences in accounting practices, the distribution of goverment budgets among socioeconomic 
objectives may not completely reflect the actual distribution of government-funded research in particular fields. 
Japanese data are based on science and technology budget data, which include items other than R&D. 
Nevertheless, such items are a small proportion of the budget, and the data may still be used as an approximate 
indicator of relative government emphasis on R&D by objective. 
SOURCES: NSF; Organisation for Economic Co-operation and Development (OECD): and national sources 
for Japan. 
See figure 4-8. 
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Appendix table 4-23. Academic and academically related research, by field and 


country: 19867 
United West The United 
Field Kingdom Germany France Netherlands States Japan 
Millions of dollars - 

WD cencssneevsecesveas 2,821 3,979 3,211 960 14,897 3,738 
Engineering ............... 447 492 359 109 1,963 809 
Physical sciences ........... 550 1,012 955 207 2,324 543 
Environmental sciences ...... 187 181 172 27 859 137 
Mathematics and computer 

sciences ................ 211 151 175 34 593 88 
Life sciences .............. 865 1,459 1,116 318 7,285 1,261 
Social sciences and psychology 187 195 146 100 754 145 
Professional and vocational . . . 157 203 67 82 490 369 
Arts and humanities ......... 178 254 218 82 411 358 
Multidisciplinary’............ 39 32 3 1 218 28 
‘Research not elsewhere classified 


Note: Data are preliminary. 
SOURCE: B.R. Martin, J. irvine, and P. isard, international Trends in Government Funding of Academic and Related 
Research (Sussex, England: Science Policy Research Unit, forthcoming). 
See figure 4-9. 
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Appendix table 4-24. Overview of state science and technology agencies 


Total 
Year Organizational funding Personnel 
S&T agency created structure Role FY 1987 FY 1988 Comments 
—Thousands 
of dollars— 
Arkansas ....... S&T Authority 1983 independent state agency Operating 2,750 12 (") 
California ....... Office of Competitive 1989 Within state Department Operating 7,000 6 
Technology of Commerce (3) (*) 
Florida ......... High Technology & 1984 Within Office of the Advisory and 6,858 3 
Industrial Council Governor operating 
Winois .......... Governor's Commission 1983 Within state Department Operating 6,175 10 
on S&T of Commerce & 
Community Affairs 
Massachusetts ... Centers of Excellence 1985  Quasi-public organization Operating 1,645 7 
Corporation 
Minnesota ...... Governor's Office of S&T 1983 Within state Department Advisory and 2,609 11 
of Trade & Economic operating 
Development 
New Jersey ..... Commission on S&T 1985 Independent state agency Operating 27,031 15 
New York ....... S&T Foundation 1963 Independent state agency Operating 24,200 26 (*) 
North Carolina ... Board of S&T 1963 Within state Department Advisory 1,418 4 (*) 
of Administrati 
Ohio ........... Thomas Edison Program 1983 Within state Department Advisory and 32,800 27 (?) 
of Development operating 
Oklahoma ...... Center for the 1987 Independent state agency Operating 11,000 11 
Advancement of S&T (*) 
Pennsylvania .... Ben Franklin Partnership 1983 Within state Department Operating 
of Commerce 36,475 7 
Texas .......... Office of Advanced 1988 Within state Department Advisory 78 2 
Technology of Commerce (*) 
‘President of S&T Authority is unofficial science advisor to the governor. 
2S&T agency director is governor's science advisor. 
3Data are for FY 1989. 
“Data are for FY 1988. 
SOURCE: W.H. Lambright, E.M. Price, and A.H. Teich, State S&T Indicators: An Exploratory Profile and Analysis (Syracuse: Science and Technology Policy Center, 
forthcoming). 
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Appendix table 4-25. State science and technology agency expenditures, by type of program: 1988' 


Ageney-eagperes MOD baw nd Technology Business 
S&T agency Total Centers Projects and facilities transfer development 
Thousands of dollars 
Arkansas ............... S&T Authority 900 900 (23) 1,400 
California ............... Office of Competitive Technology (?) (?) 
Florida ................. High Technology & industry Council 3,850 3,850 1,300 1,500 
DS Kocweesceecsecens Governor's Commission on S&T 3,750 1,925 
Massachusetts........... Centers of Excellence Corp 1,000 1,000 (2:3) 
Minnesota .............. Governor's Office of S&T 75 
New Jersey ............. Commission on S&T 14,884 12,034 2,850 6,982 1,650 780 
PE hs cthveeweess ee S&T Foundation 13,700 (?) (?) 150 3,300 
North Carolina ........... Board of S&T 400 400 (*) 100 
Peace rene ees eetseres Thomas Edison Program 17,500- 15,000- 
22,500 20,000 2,580 1,875 2,700 

Oklahoma .............. Center for Advancement of S&T 7,910 5000 2,910 2,900 100 90 
Pennsylvania ............ Ben Franklin Partnership 29,450 28,450 1,000 3,0005 4,000 
TTT ee Office of Advanced Technology 0 


‘Data for Florida, lilinois, Massachusetts, and Pennsylvania are for FY 1987; all others are for FY 1988. 


2indicates presence of program(s); quantitative information not available. 
3Support only; no funds. 

“North Carolina ended its grants program in 1988. 

SData are for 1988. Does not include tax credit program. 


SOURCE: W.H. Lambright, E.M. Price, and A.H. Teich, State S&T Indicators: An Exploratory Profile and Analysis (Syracuse: Science and Technology Policy Center, 


forthcoming). 
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Appendix table 4-26. R&D expenditures at doctorate-granting institutions, by source of funds and state: FYs 1978 and 1987 


Federal State and Institutional All other 
Total Government local governments Industry funds sources 
1978 1987 1978 1987 1978 1987 1978 1987 1978 1987 1978 1987 
~— Thousands of current dollars ———_— - — 

Total, allstates 4,540,256 11,930,997 3,004,930 7,230,217 406,509 1,003,449 166,271 764,088 610,068 2,109,547 352,478 823,696 
Alabama ...... 45,734 152,925 30,376 85,382 7,407 16,449 805 10,916 4,128 29,919 3,018 10,259 
Alaska ....... 39,367 30,192 26,591 14,454 1,225 2,919 1,105 1.217 9,472 11,056 974 546 
Arizona....... 49,805 181,263 26.208 80,955 10,199 8,965 3,885 17456 6834 61644 2679 12,243 
Arkansas ..... 20,605 35,529 7,889 12,257 537 9,352 608 2,829 11,159 8,028 412 3,063 
California ..... 585,822 1,551,801 451,132 1,062,819 14,669 36,739 4,621 72,260 73,697 289,604 41,703 90,379 
Colorado ..... 86,832 185,699 65,048 136,003 5,206 8,771 3,216 8.728 7,575 17,682 5,787 14,515 
Connecticut . 89,078 230,790 68,860 155,717 1,677 2,495 1,264 9.298 11,203 39,761 6,074 23,519 
Delaware ..... 11,575 31,681 6,787 13,662 409 1,995 1,546 3,659 2,201 10,117 632 2,248 
District of 

Columbia . 45,506 85,470 35,282 62,968 127 484 2,187 4,192 2,957 11,642 4953 6,184 
Florida ....... 107,629 252,303 59,642 128,868 5,189 13,341 3,829 20,730 20,575 72,419 18394 16,945 
Georgia ...... 100,308 324,160 50,587 149,556 3,150 39,603 5,324 33,568 38,167 91,946 3,080 9,487 
Hawaii ....... 31,971 57,345 19,781 34,472 10,392 19,317 108 261 791 2,591 899 704 
Idaho ........ 13,442 24,779 5,898 8,988 4,720 8,314 472 2,899 1,552 4,436 800 142 
WWinois ........ 198,715 498,221 134,862 293,929 6,064 30,610 8,231 23,791 31,985 117,826 17,573 32,065 
Indiana ....... 79,991 188,086 55,131 111,413 6,791 15,772 4.272 17,203 10947 37,627 2,850 #£46,071 
lowa ......... 67,257 157,482 34,217 76,862 12,607 16,651 2,566 6.212 14958 49668 2,909 8,089 
Kansas ....... 38,169 93,931 15,497 37,386 11,477 20,031 1,101 5.433 8925 27,607 1,169 3,474 
Kentucky ..... 33,148 78,008 19,647 30,778 7,468 10,841 2,782 6,715 2,760 26,545 491 3,129 
Louisiana ..... 57,230 148,563 18,829 54367 18,206 31,850 1,445 7,154 11,816 42639 6934 12,553 
Maine ........ 11,022 16,952 5,392 7,787 551 315 750 2,051 3,691 5,740 638 1,059 
Maryland ..... 112,697 709,985 86,322 575,176 9,652 50,198 1,152 25,577 7,243 52,311 8,328 6,723 
Massachusetts. 298,231 719,072 240,439 536,435 4,736 18,398 12253 59,993 12,297 36,792 28,506 67,454 
Michigan ..... 171,295 396,786 99,129 208017 12,744 30,343 10,328 25,072 34,758 103,788 14,336 29,566 
Minnesota .. 94,706 222,381 53.265 109.003 10,665 37,287 2,851 11,056 20,539 39,371 7,386 25,664 
Mississippi . . 29,563 57,622 10,721 22,492 9,419 16,667 793 4,170 £7,641 8,897 989 5,396 
Missouri ...... 96,747 207,020 60,646 113,458 7,650 11,779 1,751 19,122 18,746 50,268 7,954 12,393 
Montana ...... 15,548 29,515 7,829 9,910 5,069 8,626 928 3,126 1,642 7,853 80 0 
Nebraska ..... 34,706 71,730 14,587 32,934 564 16,074 1,385 4,185 16,951 14,976 1.219 3,561 
Nevada ...... 10,500 28,070 4,227 13,608 3,233 1,912 1,025 4,065 1,752 7,824 263 661 
New Hampshire 16,332 47,790 11,431 34,633 782 2,045 381 2,081 2,525 4,976 1.213 4,055 
New Jersey ... 68,387 215,580 40,846 96,048 6,960 37,489 3,505 11,910 12932 55,142 4,144 14,991 
New Mexico . . 38,501 127,714 29,753 75,923 3,950 17,908 2,466 20,123 £1,793 9,756 539 4,004 
New York ..... 482,103 1,130,142 334,141 769,178 22,397 52,771 17,851 62,499 57,956 137,090 49,758 108,604 
North Carolina 101,864 313,819 66,931 195,177 20,041 54,897 4,721 23,825 3,271 25,757 6,900 14,163 
North Dakota . 14,070 38,984 5,666 17,492 5,566 15,376 1,303 2,134 1,329 3,701 206 281 
GD occ ceaee 136,891 328,772 80,770 193,061 11,781 34,903 6,351 22,360 17,892 46,924 20,097 31,524 
Oklahoma . 30,579 99,116 14,834 25,908 9,721 3,380 1,477 6,738 4,107 57,620 440 5,470 
Oregon ....... 56,129 132,255 34,975 81,932 10,680 18,645 2,823 4,059 2,562 12,936 5,089 14,683 
Pennsylvania 239,892 604,832 163,399 387,038 5.113 24229 14,231 61,299 37,065 76,500 20,084 55,766 
Rhode Island 24,121 65,516 21,731 51,313 598 2,136 411 5,380 906 5,293 475 1,394 
South Carolina 23,452 95,811 10,998 34,350 8,207 14,061 1,084 6,184 1,744 37,110 1,419 4,106 
South Dakota 8,789 11,513 3,936 5,188 346 4,700 438 482 3,942 875 127 268 
Tennessee . 52,063 144,144 35,630 80,820 6,352 25,789 3,414 13,792 4,702 19,232 1,965 4,511 
Texas ........ 266,945 810,993 162,254 403,298 38,444 89,468 7,121 46,295 31,637 172,935 27.489 98,997 
Utah ......... 52,279 120,878 38,542 81,355 5,510 13,412 2,481 5,734 3,213 16,178 2533 4,199 
Vermont ...... 13,636 31,547 10,158 22,289 979 1,805 145 2,877 1,651 3,330 703 1,246 
Virginia ....... 62,765 206,621 42,388 116,654 10,629 36,400 4886 18,103 3,440 27,110 1,422 8,354 
Washington ... 112,177 235,927 84,775 166,458 15,307 5,561 3,930 21,183 393 33,623 7,772 9,102 
West Virginia .. 11,075 26,704 6,480 13,011 3,532 871 311 884 264 10,736 488 1,202 
Wisconsin .... 125,463 303,188 77,018 171,704 21,922 49,818 3,153 11,992 14832 45,196 8538 24,478 
Wyoming ..... 10,160 17,316 6,155 8,701 184 1,129 1,162 1.216 2,649 6,176 10 94 
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Appendix table 4-26. (Continued) 


Total, all states 


Pennsyivania .. 


West Virginia .. 
Wisconsin ... 


Wyoming 


Federal State and Institutional All other 
Totai Government local governments Industry funds sources 
1978 1987 1978 1987 1978 1987 1978 1987 1978 1987 1978 1987 
_— —— Thousands of constant 1982 dollars ce eeasectase — : 

6,330,530 10,090,491 4,189,808 6,114,866 566,800 848,654 231,834 646.218 850,625 1,784,123 491,464 696,631 
63,767 129,334 42354 72,211 10328 13912 1,122 9232 5756 25,304 4208 8676 
54,890 25,535 37,076 12,224 1,708 2,469 1,541 1,029 13,207 9,350 1,358 462 
69,444 153,301 36,542 68,467 14,221 7,582 5,417 14,763 9,529 52,135 3,735 10,354 
28,730 30,048 11,000 10,366 749 7,909 848 2,393 15,559 6,790 574 2,590 
816,818 1,312,416 629,018 898866 20453 31,072 6443 61,113 102,757 244929 58,147 76,437 
121,071 157,053 90,697 115,023 7,259 7418 4484 7,382 10562 14954 8069 12,276 
124,202 195,188 96,012 131696 2,338 2,110 1,762 7,864 15620 33,627 8469 19,891 
16,139 26,794 9.463 11,554 570 1,687 2,156 3,095 3,069 8,556 881 1,901 
63,450 72,285 49,194 53,254 177 409 3,049 3,545 4,123 9.846 6906 5,230 
150,068 213,382 83,160 108988 7,235 11,283 5339 17,532 28688 61,247 25647 14,331 
139,861 274,154 70,534 126485 4,392 33,494 7,423 28,390 53,217 77,762 4294 8,024 
44,578 48.499 27,581 29,154 14490 16,337 151 221 1,103 2,191 1,253 595 
18,742 20,957 8,224 7,601 6,581 7,031 658 2,452 2,164 3,752 ~=1,115 120 
277,071 421,364 188,040 248587 8455 25888 11,477 20,121 44597 99,650 24502 27,119 
111,532 159,071 76,870 94226 9469 13339 5956 14549 15264 31823 3,974 5,134 
93,777 133,188 47,709 65,005 17,578 14082 3,578 5254 20856 42,006 4,056 6,841 
53,219 79,441 21,608 31,619 16,003 16,941 1,535 4595 12444 23,348 1630 2,938 
46,219 65,974 27,394 26,030 10,413 9169 3,879 5679 3,848 22,450 685 2,646 
79,796 125645 26.253 45980 25385 26937 2,015 6050 16475 36,061 9668 10,617 
15,368 14,337 7,518 6,586 768 266 1,046 1,735 5,146 4,855 890 896 
157,135 600,461 120,360 486,448 13,458 42454 1606 21,631 10,099 44241 11612 5686 
415,827 608,146 335,247 453,683 6,603 15560 17,084 50,738 17,146 31,116 39,746 57,048 
238,839 335,577 138,217 175,928 17,769 25,662 14400 21,204 48463 87,777 19,989 25,005 
132,050 188,076 74,268 92,188 14870 31535 3,975 9350 28638 33,298 10,298 21,705 
41,220 48,733 14,948 19,022 13,133 14096 1,106 3,527 10,654 7,525 1,379 4,564 
134,895 175,085 84,559 95,956 10,666 9962 2,441 16172 26,138 42,514 11,090 10,481 
21,679 24,962 10,916 8,381 7,068 7,295 1294 2,644 2,289 6.642 112 0 
48,391 60,665 20,339 27,854 786 §=13,594 1,931 3,539 23,635 12666 1,700 3,012 
14,640 23,740 5,894 11,509 4,508 1617 1,429 3,438 2,443 6,617 367 559 
22,772 40,418 15,938 29,290 1,090 1,730 531 1,760 3,521 4.208 1,691 3,429 
95,353 182,324 56,952 81,231 9,704 31,706 4,887 10,073 18,031 46,636 5,778 12,678 
53,682 108,013 41,485 64,211 5,508 15,145 3,438 17,019 2,500 8,251 752 863,386 
672,202 955,803 465,897 650,523 31,228 44630 24,890 52,858 80,809 115.942 69378 91,850 
142,030 265,408 93,323 165,069 27,943 46428 6583 20,150 4,561 21,784 9,621 11,978 
19,618 32,970 7,900 14794 7,761 13,004 1,817 1,805 1,853 3,130 287 238 
190,869 278,055 112,619 163,279 16426 29519 8855 18911 24947 39,685 28,021 26,661 
42,637 83,826 20,683 21,911 13,554 2,859 2,059 5699 5,726 48,731 613 4,626 
78,261 111,853 48,766 69,293 14,891 15,769 3,936 3433 3572 10940 7,096 12,418 
334,484 511,529 227,829 327333 7,129 20,491 19,842 51,843 51,680 64699 28003 47,163 
33,632 55,409 30,300 43,397 834 1,806 573 4550 1,263 4,476 662 1,179 
32,699 81,031 15.335 29,051 11,443 11,892 £1,511 5,230 2432 31,385 1979 3,473 
12,255 9,737 5,488 4,388 482 3,975 611 408 5,496 740 177 227 
72,592 121,908 49,679 68353 8857 21,811 4,760 11,664 6,556 16,265 2,740 3,815 
372,204 685,887 226,233 341,084 53,603 75666 9,929 39,153 44,112 146,258 38,328 83,725 
72,893 102,231 53,740 68805 7,683 11343 3,459 4849 4,480 13,682 3,532 3,551 
19,013 26,680 14,163 18,851 1,365 1,527 202 2,433 2,302 2,816 980 1,054 
87,514 174,747 59,102 98,659 14820 30,785 6813 15310 4,796 22,928 1,983 7,065 
156,410 199,532 118,203 140,780 21,343 4,703 5,480 17,915 548 28,436 10,837 7,698 
15,442 22,585 9,035 11,004 4,925 737 434 748 368 9,080 680 1,017 
174,934 256,417 107,387 145,217 30,566 42,133 4,396 10,142 20680 38,224 11,905 20,702 
14,166 14,645 8,582 7,359 257 955 1,620 1,028 3,694 5,223 14 79 


Note: States will not sum to total because outlying areas and Puerto Rico are omitted. 
SOURCES: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989); and unpublished tabulations. 


See text table 4-4. 
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Appendix table 4-27. State R&D expenditures from state funds: 1977, 1987, and 1988 


1977 1987 1988 1977 1987 1988 
Thousands of current dollars Thousands of current dollars 
Alabama .................. 385 1,097 1,047 Montana .................. 1,783 6,132 3,166 
Alaska .................... 3,612 7,504 6,927 Nebraska .................. 252 +~=«=«1,493 1,483 
Arizona ................... 429 643 670 Nevada’................... 199 1,457 1,806 
Arkansas .................. 211 1,110 1,027 New Hampshire ............. 270 0 0 
California.................. 23,659 49,521 53,305 New Jersey ................ 2,060 19,222 21,006 
OR oc bays 46655444440 1,609 1,154 1,416 New Mexico ................ 2,380 30,600 34,110 
Connecticut ................ 2,300 6,693 8,358 New York .................. 64,298 179,538 194,336 
Delaware .................. 202 2,003 2,511 North Carolina .............. 5.076 12,370 10,782 
Florida .................... 7,374 14,450 13,736 North Dakota ............... 1,077 781 906 
Georgia ................... 1,251 5,882 8,992 a 5,302 22623 29,361 
Hawaii .................... 2,298 2,752 2,994 Oklahoma ................. 643 0 604 
idaho ...................2.. 595 486 961 Oregon ................... 1,750 2,333 1,992 
Winois ................22.. 10,563 36,880 42,705 Pennsylvania ............... 5.712 31,881 35,592 
Indiana’ ................... 2,658 9,093 8,050 Rhode Island ............... 491 1,163 1,024 
lowa ...............-.005. 1,179 5914 7,800 South Carolina.............. 2,189 4,296 4,616 
Kansas ................... 987 6,435 7,621 South Dakota............... 872 1,179 1,471 
Kentucky .................. 5418 6,634 }#6,733 Tennessee ................. 518 1,889 2,313 
Louisiana.................. 4450 2,793 2,799 TexaS ..............22000-- 4,914 11,947 10,952 
Maine .................... 666 2,687 2,556 Utah ..................20.. 803 916 968 
Maryland .................. 7,606 158,028 172,148 Vermont ................... 100 300 300 
Massachusetts ............. 1839 4,174 6,027 Virginia ...............04.. 2,959 11,589 10,475 
Michigan .................. 4,797 8,010 15,192 Washington ................ 2,637 1,999 12,480 
Minnesota ................. 2,987 4,780 6,160 West Virginia ............... 227 287 324 
Mississippi’ ................ 909 2,285 2,428 Wisconsin ................. 2,251 3,557 5,783 
Missouri................... 634 842 955 Wyoming .................. 180 344 296 
Total, allstates ............. 197,561 689,746 769,264 

1977 1987 1988 1977 1987 1988 
Thousands of constant 1982 dollars Thousands of constant 1982 dollars 
Alabama .................. 574 930 861 Montana .................. 2,660 5,197 2,604 
Alaska .................... 5,389 6,359 5,697 Nebraska .................. 376 =: 1,265 1,220 
Arizona ...............22.. 640 545 551 Nevada’................... 297 3 1,235 1,485 
PP ere ee 315 941 845 New Hampshire............. 403 0 0 
California.................. 35,296 41,967 43,836 New Jersey ................ 3,073 16,290 17,275 
Colorado .................. 2,400 978 1,164 New Mexico................ 3,551 25,932 28,051 
Connecticut ................ 3,431 5,672 6,873 New York .................. 95,924 152,151 159,816 
Delaware .................. 301 1,697 2,065 North Carolina .............. 7,573 10,483 8,867 
Florida ................2... 11,001 12,246 11,296 North Dakota ............... 1,607 662 745 
CED «x55 40555404 0000040 1,866 4,985 7,395 rer reer rere 7,910 19,172 24,146 
BD 9.5.06.04044690050400005 3,428 2,332 2,462 Oklahoma ................. 959 0 497 
eer eee ee 888 412 790 ee eee 2,611 1,977 1,638 
Winois ... 2.2.0... 000000088. 15,759 31,254 35,119 Pennsylvania............... 8,522 27,018 29,270 
Indiana’ ................... 3,965 7,706 6,620 Rhode Island ............... 733 986 842 
OWA 2.2... cee eee 1,759 5012 6,414 South Carolina.............. 3,266 3,641 3,796 
Kansas ................... 1472 5,453 6,267 South Dakota............... 1,301 999 1,210 
Kentucky .................. 8,083 5,622 5,537 Tennessee ................. 773 —s: 1,601 1,902 
Louisiana.................. 6,639 2,367 2,302 WE 64504644 5045040000905 7,331 10,125 9,007 
Maine ................05.. 994 2,277 2,102 ere rrr 1,198 776 796 
Maryland .................. 11,347 133,922 141,569 I 6 46566 056000500520-00 149 254 247 
Massachusetts ............. 2,744 3,537 4,956 Virginia .. 0.0... 2. ee eee. 4,414 9,821 8,614 
Michigan .................. 7,156 6,788 12,493 Washington ................ 3,934 1,694 10,263 
Minnesota ................. 4456 4,051 5,066 West Virginia ............... 187 236 266 
Mississippi’ ................ 1,356 1,936 1,997 Wisconsin ................. 1,851 2,925 4,756 
Missouri................... 946 714 785 Wyoming .................. 148 283 243 
Total, allstates ............. 294,735 584,531 632,618 


‘Expenditures only for the state’s lead science and technology or research and development agency. 


SOURCES: NSF, Research and Development in State and Local Governments, Fiscal Year 1977, NSF 79-327 (Washington, DC: NSF, 1979); and NSF, 
Division of Science Resources Studies, unpublished tabulations. 
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Appendix table 5-1. Expenditures for academic basic research, applied research, and development: 1960-89 


Total Total 
academic Basic Applied Develop- academic Basic Applied Develop- Basic Applied Develop- 

R&D research research ment R&D research research ment research research ment 

———— Millions of current dollars ———— ; Millions of constant 1982 dollars’ Percent of totat-—— 
1960 ...... 646 433 179 34 2,077 1,392 575 109 67.0 27.7 5.3 
1961 ...... 763 536 192 35 2,427 1,705 611 111 70.2 25.2 46 
1962 ...... 904 659 205 40 2,825 2,059 641 125 72.9 22.7 4.4 
1963 ...... 1,081 814 227 40 3,318 2,498 697 123 75.3 21.0 3.7 
1964...... 1,275 1,003 232 40 3,858 3,035 702 121 78.7 18.2 3.1 
1965 ...... 1,474 1,138 279 57 4,367 3,372 827 169 77.2 18.9 3.9 
1966 ...... 1,715 1,303 328 84 4,937 3,751 944 242 76.0 19.1 49 
1967...... 1,921 1,457 374 90 5,347 4,055 1,041 250 75.8 19.5 4.7 
1968 ...... 2,149 1,649 404 96 5,778 4,434 1,086 258 76.7 18.8 45 
1969 ...... 2,225 1,711 407 107 5,676 4,365 1,038 273 76.9 18.3 48 
1970 ...... 2,335 1,796 427 112 5,629 4,330 1,029 270 76.9 18.3 48 
1971 ...... 2,500 1,914 474 112 5,726 4,384 1,086 257 76.6 19.0 45 
1972...... 2,630 2,022 524 84 5,710 4,390 1,138 182 76.9 19.9 3.2 
1973 ...... 2,884 2,053 713 118 5,965 4,246 1,475 244 71.2 24.7 4.1 
1974...... 3,023 2,154 736 133 5,796 4,130 1,411 255 71.3 24.3 44 
1975 ...... 3,409 2,410 851 148 5,927 4,190 1,479 257 70.7 25.0 43 
1976 ...... 3,729 2,549 1,016 164 6,007 4,106 1,637 264 68.4 27.2 44 
1977 ...... 4,067 2,800 1,067 200 6,067 4,177 1,592 298 68.8 26.2 49 
1978 ...... 4,625 3,176 1,213 236 6,449 4,428 1,691 329 68.7 26.2 5.1 
1979 ...... 5,361 3,612 1,465 284 6,882 4,637 1,881 365 67.4 27.3 5.3 
1980 ...... 6,061 4,024 1,695 342 7,152 4,749 2,000 404 66.4 28.0 56 
1981 ...... 6,845 4,589 1,868 388 7,344 4,923 2,004 416 67.0 27.3 5.7 
1982...... 7,324 4,883 2,018 423 7,324 4,883 2,018 423 66.7 27.6 5.8 
1983 ...... 7,883 5,324 2,116 443 7,563 5,108 2,030 425 67.5 26.8 5.6 
1984...... 8,623 5,731 2,404 488 7,970 5,297 2,222 451 66.5 27.9 5.7 
1985 ...... 9,694 6,556 2,552 586 8,692 5,878 2,288 525 67.6 26.3 6.0 
1986 ...... 10,926 7,512 2,699 715 9,536 6,556 2,356 624 68.8 24.7 6.5 
1987 ...... 12,082 8,301 3,014 767 10,218 7,020 2,549 649 68.7 24.9 6.3 
1988 (est.) . 13,000 8,900 3,280 820 10,679 7,311 2,694 674 68.5 25.2 6.3 
1989 (est.) . 13,900 9,500 3,530 870 10,999 7,517 2,793 688 68.3 25.4 6.3 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCE: NSF, National Patterns of R&D Resources: 1989, NSF 89-308 (Washington, DC: NSF, 1989). 
See figure 5-1. 
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Appendix table 5-2. Support for academic R&D by sector: 1960-87 


Academic 
Federal State/local institutions’ All other 
Fiscal year Total Government government industry funds sources 
Millions of current dollars 

1960 .................. 646 405 85 40 64 52 
1961 ................2.. 763 500 95 40 70 58 
1962 .................. 904 613 106 40 79 66 
1963 .................. 1,081 760 118 41 89 73 
1964 .................. 1,275 917 132 40 103 83 
1965 .................. 1,474 1,073 143 41 124 93 
1966 .................. 1,715 1,261 156 42 148 108 
ere 1,921 1,409 164 48 181 119 
1968 .................. 2,149 1,572 172 55 218 132 
1969 .................. 2,225 1,600 197 60 223 145 
1970 .................. 2,335 1,647 219 61 243 165 
ere 2,500 1,724 255 70 274 177 
ee 2,630 1,795 269 74 305 187 
1973 ...............05. 2,884 1,985 295 84 318 202 
1974 ...............2.. 3,022 2,032 308 95 368 219 
reer. 3,409 2,288 332 113 417 259 
GE vvcueweaseueevewos 3,729 2,512 364 123 446 285 
BS cosdeencdeaaveun<e 4,067 2,726 374 139 514 314 
1978" .......-.......... 4,625 3,059 412 170 625 359 
SD icgadvecnnandesces 5,359 3,593 470 194 726 374 
1980 .................. 6,062 4,096 491 238 835 401 
OD tvedceseeceeewenca 6,845 4,561 546 293 1,009 436 
1982 ..............00.. 7,324 4,759 613 339 1,122 491 
1983 ...............5.. 7,884 4,980 622 388 1,315 579 
1984 .................. 8,623 5,425 684 474 1,424 617 
1985 ..............25.. 9,695 6,064 745 559 1,632 694 
OE 44000046060000%0600% 10,926 6,713 911 692 1,877 732 
1987 .......... ccc eee 12,082 7,326 1,019 777 2,126 834 
1988 (est.)' ............. 13,000 7,800 1,124 850 2,346 880 
1989 (est.)' ............. 13,900 8,250 1,231 920 2,569 930 

Millions of constant 1982 dollars? saan 
SE Sc¢aes0nde0bas-0a0% 2,077 1,302 273 129 206 167 
1961 ........ cc eee eee 2,427 1,590 302 127 223 184 
1962 ...........0.0000- 2,825 1,916 331 125 247 206 
OE sicvecescseciscees 3,318 2,333 362 126 273 224 
1964 ........ 0.0.0.8 3,858 2,775 399 121 312 251 
SE ceneseteeceseeéacet 4,367 3,179 424 121 367 276 
1966 ............00005. 4,937 3,630 449 121 426 311 
1967 ...... 20... cece eee 5,347 3,922 456 134 504 331 
MN 6606660604%6005000 5,778 4,227 462 148 586 355 
1969 ...........0 0.005. 5,676 4,082 503 153 569 370 
OD. ees4edesedeeeeeees 5,629 3,971 528 147 586 398 
OE. 64460446 4003440460 5,726 3,949 584 160 628 405 
OE: cc chaeavawcesces ea 5,710 3,897 584 161 662 406 
OD £404040466040005% 5,965 4,105 610 174 658 418 
eee 5,794 3,896 590 182 706 420 
OD seeceeceseeneseus 5,927 3,978 577 196 725 450 
1976 2.0... eee 6,007 4,046 586 198 718 459 
DU étcteetssehecscoes 6,067 4,067 558 207 767 468 
OE 0636c600ee4006i00% 6,449 4,265 574 237 871 501 
1979... eee 6,879 4,612 603 249 932 480 

(continued) 
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Appendix table 5-2. (Continued) 


Academic 
Federal State/local institutions’ All other 
Fiscal year Total Government government Industry funds sources 
Millions of constant 1982 dollars? 
1980 ........0..0.00.... 7,154 4,834 579 281 985 473 
OE cewugekeccdecvscecs 7,344 4,893 586 314 1,083 468 
1982 .................. 7,324 4,759 613 339 1,122 491 
1983 ...........0000... 7,564 4,778 597 372 1,262 556 
GED vevces xs400% eens’ 7,970 5,014 632 438 1,316 570 
1985 .................. 8,693 5,437 668 501 1,463 622 
ON cccvcdceckaeeneses 9,536 5,859 795 604 1,638 639 
1987 .................. 10,218 6,196 862 657 1,798 705 
1968 (est.)' ............. 10,679 6,408 923 698 1,927 723 
1989 (est.)' ............. 10,999 6,528 974 728 2,033 736 
Percent 

ME ccbeusewsansdee ces 100 62.7 13.2 6.2 9.9 8.0 
1961 ................0.. 100 65.5 12.5 5.2 9.2 76 
OE vccunnaekwas owen ae 100 67.8 11.7 4.4 8.7 7.3 
ere 100 70.3 10.9 3.8 8.2 6.8 
1964 .................. 100 71.9 10.4 3.1 8.1 6.5 
er 100 72.8 9.7 2.8 8.4 6.3 
GUD cctvscdaveeessecane 100 73.5 9.1 2.4 8.6 6.3 
1967 ..............0... 100 73.3 8.5 2.5 9.4 6.2 
BE bsce0e400060400660 100 73.2 8.0 2.6 10.1 6.1 
MD acéeeecanageeeavece 100 71.9 8.9 2.7 10.0 6.5 
ere 100 70.5 9.4 2.6 10.4 7.1 
SE cccgeseessadusucus 100 69.0 10.2 2.8 11.0 7.1 
1972 ....... 22. c cee eee 100 68.3 10.2 28 11.6 7.1 
err 100 68.8 10.2 2.9 11.0 7.0 
1974 ... 0... eee eee 100 67.2 10.2 3.1 12.2 7.2 
OE bivaecesarcacescevi 100 67.1 9.7 3.3 12.2 76 
SE ceanke Gasentaeeaees 100 67.4 9.8 3.3 12.0 76 
ee 100 67.0 9.2 3.4 12.6 7.7 
1978 ... 2... eee eee eee 100 66.1 8.9 3.7 13.5 78 
WD sveswccaeeeaaseene 100 67.0 8.8 3.6 13.5 7.0 
eee 100 67.6 8.1 3.9 13.8 6.6 
1981.0... eee eee 100 66.6 8.0 43 14.7 6.4 
OE ¢.6.00%.6600008405406 100 65.0 8.4 46 15.3 6.7 
1983 .... 2. eee eee 100 63.2 7.9 4.9 16.7 7.3 
OD 45.6 400004640000445% 100 62.9 7.9 5.5 16.5 7.2 
ee 100 62.5 7.7 58 16.8 7.2 
eee 100 61.4 8.3 6.3 17.2 6.7 
MT cocasececicseeusue 100 60.6 8.4 6.4 17.6 6.9 
1988 (est.)' ............. 100 60.0 8.6 6.5 18.0 6.8 
1989 (est.)' ............. 100 59.4 8.9 6.6 18.5 6.7 


‘Relative amounts of funds from state and local governments and from academic institutions are estimated from previous year's ratio. 
2See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 doliars. 


SOURCES: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989); NSF, National 


Patterns of R&D Resources: 1989, NSF 89-308 (Washington, DC: NSF, 1989). 


See figure O-20 in Overview. 
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Appendix table 5-3. Sources of R&D funds at private and public academic institutions, 


by sector: 1980 and 1987 
Source of funds 
Academic 
Federal State and local institutions’ Other 
Type of institution Total Government government _ industry funds sources 
Thousands of dollars 

1980 

0 PrerrrrT 2,223,758 1,745,892 45,011 94,899 172,599 165,357 

SED cacnecrsccseceees 3,837,820 2,350,603 446,034 143,094 662,449 235,640 
1987 

Private ................ 4,263,274 3,167,682 95,214 282,697 379,181 338,501 

ED a ceesncewees seus 7,818,257 4,158,028 923,675 494,199 1,746,975 495,380 

Percent 

1980 

MD ceceeetcstecuses 100.0 78.5 2.0 4.3 7.8 7.4 

TT eccteveseceaneees 100.0 61.2 11.6 3.7 17.3 6.1 
1987 

MD soveedvesaveeess 100.0 74.3 2.2 6.6 8.9 7.9 

Pre rT 100.0 53.2 11.8 6.3 22.3 6.3 


SOURCE: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989). 
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Appendix table 5-4. Types of Federal obligations for academic science and engineering: 1967-87 


Fellowships, 
Facilities forS/E  traineeships,and General support Other S/E 
Total R&D R&D pliant instruction training grants for S/E activities 
Vaswsands 6 eunent ies ——— 

1967 ............... 2,323,795 1,301,242 111,309 (") 447,236 (") 464,00° 
SR ccceeaceeeueeus 2,349,817 1,398,305 96,148 (") 440,895 (") 414,46' 

1969 ............... 2,361,399 1,474,681 54,516 (") 436,270 (") 395,932 
1970 ............... 2,187,579 1,446,618 44,778 (") 429,408 (") 266,775 
We ctdecawesseunss 2,343,129 1,551,391 29,942 28,729 421,029 99,669 212,369 
Sb svivevcecevees 2,599,111 1,853,085 36,917 26,341 387,888 83,288 211,592 
SR ox ccnnnacane eens 2,464,362 1,870,690 43,338 13,372 287,210 38,964 210,788 
1974............... 2,736,984 2,085,204 29,009 3,506 326,600 86,974 205,691 
1975 ............... 2,805,783 2,246,088 44,787 5,026 201,273 46,353 262,256 
ee 2,959,656 2,430,970 23,899 3,210 174,871 74,483 252,223 
re 3,351,337 2,803,017 36,471 3,282 184,671 75,928 247,968 
1978 ............... 3,959,832 3,385,770 34,328 4,906 205,925 74,398 254,505 
No o4ns54s04o0seun 4,472,659 3,873,514 32,068 6,743 204,866 92,483 262,985 
1980 ............... 4,790,972 4,160,543 37,780 3,776 210,121 91,541 287,211 
ee 5,062,856 4,410,931 27,694 4,563 205,448 92,721 321,499 
GN i cceceeaceese ss 5,179,610 4,554,475 31,200 829 176,582 80,137 336,387 
1983 ................ 5,680,631 5,024,330 37,547 2,552 189,616 94,847 331,769 
GD s0éae00 sence nes 6,308,014 5,448,821 49,764 1,889 194,895 112,588 500,057 
1985 ............... 7,257,862 6,246,181 113,932 4,947 253,082 119,171 520,549 
1986 ............... 7,430,775 6,456,646 105,827 4,990 246,196 111,130 505,986 
GO si6600060s000en 8,565,038 7,240,090 229,875 13,722 290,942 236,933 553,476 

Thousands of constant 1982 dollars? ——_———_- = : 

1967 ............... 6,467,562 3,621,603 309,794 (‘) 1,244,743 (') 1,291,422 
1968 ............... 6,318,411 3,759,895 258,532 (’) 1,185,520 (') 1,114,464 
1969 .............2.. 6,023,977 3,761,941 139,071 (") 1,112,934 (’) 1,010,031 
1970 ...........0.2.. 5,273,816 3,487,507 107,951 (") 1,035,217 (') 643,141 
GD oc ccccccccences 5,366,764 3,553,346 68,580 65,802 964,336 228 284 486,415 
WN 6.06666 00540804 5,642,881 4,023,198 80,150 57,188 842,136 180,825 459,383 
1973... 2.2... eee 5,096,922 3,869,059 89,634 27,657 594,023 80,587 435,963 
ee 5,247,285 3,997,707 55,615 6,722 626,150 166,745 394,346 
ON 6 edeaeeceesees 4,877,926 3,904,882 77,863 8,738 349,918 80,586 455,939 
1976... 22... eee. 4,767,487 3,915,867 38,497 5,171 281,687 119,979 406,287 
GE cccccccccsscace 4,999,757 4,181,735 54,410 4,896 275,505 113,275 369,936 
1978... 2... ee eee 5,521,238 4,720,817 47,864 6,840 287,124 103,734 354,859 
WD 6000009655005 5,741,539 4,972,418 41,166 8,656 262,986 118,720 337,593 
1980 ............02.. 5,653,731 4,909,775 44,583 4,456 247,960 108,026 338,932 
Ce ckkuenexaessans 5,431,666 4,732,251 29,711 4,895 220,414 99,475 344,919 
GUE cceeseecuasuyes 5,179,610 4,554,475 31,200 829 176,582 80,137 336,387 
Ferree rTS 5,450,092 4,820,426 36,023 2,448 181,921 90,998 318,305 
Sr s4csbdesusexece 5,830,496 5,036,344 45,997 1,746 180,141 104,065 462,203 
1985... eee 6,507,542 5,600,449 102,154 4,436 226,918 106,851 466,735 
GN csdecceceséeess 6,485,229 5,635,055 92,361 4,355 214,868 96,989 441,601 
1987... 2.2 ce eee 7,243,774 6,123,215 194,414 11,605 246,061 200,383 468,095 


‘Not separately classified; included under “other S/E activities.” 


2See appendix table 4-1 for GNP irnplicit price defiators used to convert current dollars to constant 1982 dollars. 
SOURCE: NSF, Federal Support to Universities, Colleges, and Selected Nonprofit institutions: Fiscal Year 1987, NSF 88-330 (Washington, DC: NSF, 1988). 


See figure 5-2. 
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Appendix table 5-5. Federal obligations for academic research and development, 
by agency: 1969-89 


Total Other 
agencies NIH NSF DOD NASA DOE’ USDA agencies 
Millions of current dollars 
1969 _............. 1,529 535 213 263 99g 101 62 256 
GD ccucesaweesess 1,476 518 228 216 111 100 65 238 
Ge eiveeessecenss 1,645 603 267 211 119 94 72 279 
ee 1,904 756 362 217 134 85 87 263 
1973 .............. 1,917 761 374 204 131 83 34 270 
GD bb cecccwsuesss 2,214 1,027 389 197 125 34 95 287 
1975 .............. 2,411 1,077 435 203 131 132 108 325 
ee 2,552 1,185 437 240 124 145 120 301 
GY éctedéecceunncs 2,905 1,311 511 273 118 188 140 364 
1978 .............. 3,375 1,493 537 383 127 240 186 409 
WD cceeuseucsesen 3,889 1,765 617 438 139 260 200 470 
1980 .............. 4,263 1,888 685 495 158 285 216 536 
ee 4,466 1,984 702 573 171 300 243 493 
1982 .............. 4,605 2,026 715 664 186 277 255 482 
1983 .............. 4,966 2,264 783 724 189 297 275 434 
1984 .............. 5,565 2,560 880 830 222 321 261 491 
1985 .............. 6,299 2,918 1,002 940 255 357 293 534 
Gt sceeecvasenses 6,555 3,033 994 1,074 305 328 267 554 
1987 .............. 7,354 3,639 1,096 1,017 310 387 280 626 
1988 (est.) .......... 7,771 3,891 1,122 1,067 340 410 305 637 
1989 (est.) .......... 8,167 4028 1,384 1,129 351 395 265 615 
Millions of constant 1982 dollars? —___- 
Ge ossccesceseese 3,901 1,365 543 671 253 258 158 653 
WO .. 2... ee eee. 3,558 1,249 550 521 268 241 157 574 
MN saceueceeenaed 3,768 1,381 612 483 273 215 165 639 
EE ccdeeses sesene 4,134 1,641 786 471 291 185 189 571 
1973 .. 2... eee eee, 3,965 1,574 774 422 271 172 194 558 
re 4,245 1,969 746 378 240 180 182 550 
|) 4,192 1,872 756 353 228 229 188 565 
1976 ........ 2.085. 4,111 1,909 704 387 200 234 193 485 
UT essesesecenees 4,334 1,956 762 407 176 280 209 54% 
1978 .. 2... cece. 4,706 2,082 749 534 177 335 259 570 
1979 2. eee 4,992 2,266 792 562 178 334 257 603 
1980 .. 2.2... cece. 5,031 2,228 808 584 186 336 255 633 
1981 2. een, 4,791 2,129 753 615 183 322 261 529 
WE ocdcovecessses 4,605 2,026 715 664 186 277 255 482 
Se sescoeseeseses 4,764 2,172 751 695 181 285 264 416 
1984 22 eee 5,144 2,366 813 767 205 297 241 454 
1985 .............. 5,648 2,616 898 843 229 320 263 479 
Dn sseeeeedoasess 5,721 2,647 868 937 266 286 233 484 
TT oceseesovesses 6,219 3,077 927 860 262 327 237 529 
1988 (est.) .......... 6,384 3,196 921 876 279 337 251 523 
1989 (est.) .......... 6,462 3,187 1,095 893 278 313 209 487 


Total Other 
agencies NIH NSF DOD NASA DOE’ USDA agencies 
—_—————_ Pex — 

1969 .............. 100 35.0 13.9 17.2 65 6.6 41 16.7 
OD gueeceeresus i 100 35.1 15.4 14.6 75 68 44 16.1 
Ge occesecesexuss 100 36.7 16.2 128 72 5.7 44 17.0 
GE ec ceecscevess<s 100 39.7 19.0 11.4 70 45 46 13.8 
GD eccwsecerveens 100 39.7 19.5 10.6 68 43 49 14.1 
Oe ban eeoecrceunes 100 46.4 17.6 89 56 42 43 13.0 
OE goweusduaccees 100 447 18.0 84 54 55 45 13.5 
GD seueeessvveens 100 46.4 17.1 94 49 5.7 47 11.8 
Ge wesuecwscwsuss 100 45.1 17.6 94 4.1 6.5 48 12.5 
1978 ............ - 100 442 15.9 11.3 3.8 7.1 55 12.1 
1979 _........... - 100 45.4 15.9 11.3 3.6 6.7 5.1 12.1 
GD euceneweessaxss 100 443 16.1 11.6 3.7 6.7 5.1 12.6 
OE ccecweeocevucs 100 444 15.7 128 38 6.7 54 11.0 
We scacusssceeass 100 44.0 15.5 14.4 40 6.0 5.5 10.5 
GE eeccwdcsaues ” 100 45.6 158 146 3.8 6.0 55 8.7 
OD vnecsececciyes 100 46.0 158 14.9 4.0 58 47 88 
1985 .............. 100 46.3 15.9 149 40 5.7 47 8.5 
1986 .............. 100 46.3 15.2 16.4 47 5.0 41 8.5 
1987 .........20... 100 49.5 149 13.8 42 5.3 38 8.5 
1988 (est) .......... 100 50.1 14.4 13.7 44 5.3 3.9 8.2 
1989 (est.) .......... 100 49.3 16.9 13.8 43 48 3.2 75 


‘Atomic Energy Commission, 1969-73; Energy Research and Development Administration, 1974-76; Department of Energy 1977-89 
2See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
Note: Percentages may not add to 100 because of rounding. 


SOURCES: NSF. Federal Funds for Research and Development: Fiscal Years 1987, 1988, and 1989, NSF 89-304 (Washington. DC: NSF. 
1989): NSF. Federa! Funds for Reseach and Development. Detailed Histoncal Tables Fiscal Years 1955-1985, unpublished. 
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Appendix table 5-6. R&D expenditures at the top 100 universities and colleges, by source of funds: 1987 


Academic Federal State and local Institutional 
Institutions’ ranking Total Government government Industry funds Other 
—__——— Thausands of dollars 

Total, all institutions .......... 12,081,531 7,325,710 1,018,889 776,895 2,126,156 833,881 

1 Johns Hopkins University ..... 510,896 476,290 1,998 7,755 19,205 5,648 
2 Mass Inst of Technology ...... 264,416 206,785 3,501 35,064 5,165 13,901 
3 Univ of Wis-Madison ......... 254,493 149,665 44,864 8,586 36,178 15,200 
4 Cornell University ........... 244,840 144,604 34,674 17,169 26,385 22,008 
5 Stanford University .......... 240,885 204,386 276 10,979 12,001 13,293 
6 University of Michigan ........ 224,890 137,558 3,123 14,451 55,345 14,413 
7 University of Minnesota ....... 222,381 109,003 37,287 11,056 39,371 25,564 
8 Texas A&M University ........ 219,853 75,432 59,961 13,398 65,038 6,024 
9 Univ of CalLos Angeles ...... 188,831 130,763 4,213 14,360 27,308 12,187 
10 Univ of Ili Urbana ............ 188,682 104,420 23,677 11,414 43,275 5,896 
Total, 1st 10 Institutions ...... 2,560,167 1,738,906 213,524 144,232 329,271 134,234 

11 University of Washington ...... 187,062 145,184 4,064 18,564 14,201 5,049 
12 Univ of Cal San Diego ........ 183,047 142,751 3,203 5,902 18,784 12,407 
13 Univ of Cal Berkeley ......... 175,273 108,828 3,996 6,580 47,861 8,008 
14 Univ of Cal San Francisco ..... 169,436 117,302 6,571 4,008 22,249 19,306 
15 Harvard University ........... 169,074 119,955 845E 7,778E 12,343E 28,153 
16 Univ of Texas at Austin ....... 168,931 88,395 7,345 3,161 51,240 18,790 
17 Pennsylvania State Univ ...... 165,841 94,326 7,981 20,114 43,141 279 
18 Univ of Pennsylvania ......... 158,334 111,185 2,353 2,536 15,924 26,336 
19 Columbia Univ Main Div ...... 149,904 133,018 1,000 3,915 2,837 9,134 
20 Yale University ............. 145,818 116,943 298 5,563 8,956 14,058 
Total, 1st 20 Institutions ...... 4,232,887 2,916,793 251,180 222,353 566.807 275,754 

21 Univ of Cal Davis............ 143,798 56,622 7,786 5,324 66,832 7,234 
22 University of Arizona ......... 138,726 65,024 2,871 11,638 50,400 8,793 
23 Univ of Southern Cal ......... 134,995 101,749 1,517 9,999 21,730 0 
24 Univ of Md College Park ...... 126,239 55,194 34,254E 10,149E 26,642E 0 
25 University of Georgia ......... 124,442 35,261 34,828 4,982 48,550 821 
26 Ohio State University ......... 123,246 58,555 19,729 9,278 19,022 16,662 
27 Georgia Institute of Tech ...... 120,342 63,132 1,447 23,628 32,135 0 
28 University of Colorado ........ 112,276 83,144 1,163 4,502 12,407 11,060 
29 Michigan State University ..... 111,810 44,989 20,095 3,137 33,234 10,355 
30 Purdue University ........... 107,131 56,302 15,213 9,579 23,591 2,446 
Total, 1st 30 Institutions ...... 5,475,892 3,536,765 390,083 314,569 901,350 333,125 

31 University of Florida.......... 104,245 49,311 6,965 9,404 31,119 7,446 
32 Washington University ........ 103,419 77,757 541 12,016 7,397 5,708 
33 NC State Univ at Raleigh ..... 102,647 33,662 41,835 11,748 13,236 2,166 
34 Louisiana State Univ ......... 102,070 31,089 29,941 1,481 32,283 7,276 
35 University of Rochester ....... 101,598 80,322 5,018 6,267 1,909 8,082 
36 New York University ......... 98,924 76,126 853 3,036 10,581 8,328 
37 Rutgers The St Univ of NJ... .. 94,555 27,178 23,182 3,087 37,275 3,833 
38 Univ of NC at Chapel Hill... ... 93,754 72,529 11,480 509 5,432 3,804 
39 University of Chicago ........ 91,879 75,889 394 1,812 7,229 6,555 
40 Baylor Col of Medicine ....... 90,179 49,834 2,520 3,860 9,861 24,104 
Total, ist 40 Institutions ...... 6,459,162 4,110,462 512,812 367,789 1,057,672 410,427 

41 Duke University ............. 89,556 67,925 693 8,085 6,941 5,912 
42 Northwestern University ...... 88,920 49,286 357 3,101 29,597 6,579 
43 California inst of Tech ........ 86,565 71,086 664 3,436 4,540 6,839 
44 University of Pittsburgh ....... 84,183 62,060 918 6,547 5,655 9,003 
45 Carnegie-Melion Univ ........ 83,763 53,817 5,741 16,130 1,212 6,863 
46 University of Connecticut... .. . 81,575 36,884 2,193 3,729 29,499 9,270 
47 Va Polytech inst & StU ....... 80,552 32,129 27,253 7,010 13,039 1,121 
48 Univ of Massachusetts ....... 79,814 44,256 8,043 8,560 15,661 3,294 
49 Oregon State University ...... 79,715 46,774 18,242 1,890 3.965 8,844 
50 University of lowa ........... 79,090 57,159 470 2,615 15,112 3,734 
Total, 1st 50 institutions ...... 7,292,895 4,631,838 577,386 428,892 1,182,893 471,886 

(continued) 
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Academic Federal State and local Institutional 
Institutions’ ranking Total Government government Industry funds Other 
ne —— Thousands of dollars 
51 lowa StUof Sci& Tech ...... 78,351 19,682 16,181 3,597 34,536 4,355 
52 Yeshiva University ........... 73,773 59,768 0 0 7,285 6,720 
53 Univ Alabama Birmingham .... 72,692 54,534 2,038 4,544 5,827 5,749 
54 Case Western Reserve Univ .. . 70,850 53,580 2,005 3,433 5,808 6,024 
55 SUNY at Buffalo ............ 70,474 51,212 2,349 779 10,991 5,143 
56 University of Utah ........... 68,194 54,226 2,703 2,268 5,596 3,401 
57 Rockefeller University ........ 66,760 37,983 244 3,476 14,039 11,018 
58 U Texas System Cancer Ctr ... 65,417 22,162 0 0 26,700 16,555 
59 Indiana University ........... 65,341 44,211 452 4,597 12,500 3,581 
60 University of Miami .......... 65,158 38,052 1,306 7,300 12,573 5,927 
Total, 1st 60 Institutions ...... 7,989,905 5,067,248 604,664 458 886 1,318,748 540,359 
61 Princeton University ......... 65,089 43,505 974 4.122 11,997 4,491 
62 Univ of lil Chicago ........... 64,701 34,570 2,102 1,728 19,238 7,063 
63 University of Virginia ......... 63,861 41,267 4,627 3,260 9,663 5,044 
64 U Tex Hith Sci Ctr Dallas...... 62,907 45,382 216 5,566 53 11,690 
65 Univ of Missouri Columbia .... . 61,212 20,250 10,292 4,206 22,351 4,113 
66 U Tennessee Knoxville ....... 60,096 28,752 16,713 3,440 10,398 793 
67 Emory University ............ 58,889 36,698 2,623 3,350 9,171 7,047 
68 New Mexico State Univ ....... 58,672 37,904 9,307 9,847 1.086 528 
69 Boston University ........... 58,299 49,406 1,865 2,276 0 4,752 
70 Univ of Hawaii-Manoa ........ 57,345 34,472 19,317 261 2,591 704 
Total, 1st 70 Institutions ...... 8,600,976 5,439,454 672,700 496,942 1,405,296 586,584 
71 Univ of Nebraska-Lincoln ..... 56,066 24,512 15,182 1,938 12,818 1,616 
72 University of Kentucky ........ 55,042 26,261 5,237 6,312 17,232 0 
73 SUNY at Stony Brook ........ 54,219 39,445 1,848 1,269 8,003 3,654 
74 University of Cincinnati ....... 53,804 32,044 2,839 2,299 11,240 5,382 
75 Colorado State University ..... 52,619 38,961 6,357 1,178 3,302 2,821 
76 Univ of Cal Irvine ............ 51,691 38,138 1,411 4,722 4,903 2,517 
77 Univ of Cal Riverside ......... 51,158 15,001 2,451 1,955 29,972 1,779 
78 University of Kansas ......... 50,603 22,941 2,295 3,259 20,656 1,452 
79 Washington State Univ ....... 48,865 21,274 1,497 2,619 19,422 4,053 
80 Woods Hole Ocngrphic Inst . . . . 48,061 42,239 2 667 730 4,423 
Total, 1st 80 Institutions ...... 9,123,104 5,740,270 711,819 523,160 1,533,574 614,281 
81 Auburn University ........... 48,045 13,446 12,349 3,112 14,894 4,244 
82 Oklahoma State University .... 47,420 9,575 2,127 3,170 30,509 2,039 
83 Tufts University ............. 46,497 37,148 2,348 914E 58E 6,029 
84 Clemson University .......... 46,495 9,016 13,056 3,105 20,030 1,288 
85 Florida State University ....... 46,420 21,416 1,549 280 21,850 1,325 
86 CUNY Mt Sinai Sch of Med .... 46,137 31,024 347 2,870 2,655 9,241 
87 Univ of Md Balt Prof Sch ...... 45,523 26,244 11,627 7,652 0 0 
88 University of Oklahoma ....... 45,350 14,453 1,124 2,026 24,434 3,313 
89 University of New Mexico ..... 45,333 29,096 3,342 4,858 4,744 3,293 
90 Vanderbilt University ......... 43,589 31,343 922 5,313 3,029 2,982 
Total, 1st 90 Institutions ...... 9,583,913 5,963,031 760,610 556,460 1,655,777 648,035 
91 Univ of Cal Santa Barbara ..... 42,704 32,856 1,489 1,970 3,842 2,547 
92 Utah State University......... 41,343 22,109 9,879 1,316 7,467 572 
93 Virginia Commonwith Univ .... 41,016 31,612 1,347 5,400 2,565 92 
94 Kans St U—Ag & App Sci ..... 40,587 13,270 17,511 1,515 6,652 1,639 
95 Mississippi State Univ ........ 40,405 12,387 15,496 2,823 5,690 4,009 
96 Wayne State University ....... 39,335 16,927 3,592 2,761 11,572 4,483 
97 Arizona State University ...... 38,763 14,009 5,850 5,575 9,879 3,450 
98 Tulane University............ 38,393 21,836 160 4,945 7,298 4,154 
99 Brown University ............ 38,110 32,024 75 4,250 550 1,211 
100 Georgetown University ....... 35,981 24,477 112 2,536 5,953 2,903 
Total, 1st 100 institutions ..... 9,980,550 6,184,538 816,121 589,551 1,717,245 673,095 


Notes: Numbers followed by “E” are estimated; 0" means no report or a report of no funds received. 
SOURCE: NSF, Academic Science/Engineering: R&D funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989). 
See text table 5-1. Science & Engineering Indicators— 1989 
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Appendix table 5-7. Academic R&D support derived from industry among the top 200 R&D-performing campuses: FY 1987 


Thousands indus- Thousands Indus- 
industrial of Industry trial of industry _ trial 
share’ Campus dollars § share Campus dollars share 

Rank 1-25 ($511-$124 million)* Rank 26-50 ($123-$79 million)? 
Average industrial share® 5.5 Average industrial share® 6.7 
210% Mass Instof Tech ........ 35,064 13.3 Georgia Inst of Tech ...... 23,628 196 
Penn State Univ ......... 20,114 12.1 Carnegie-Melion Univ ..... 16,130 19.3 
Washington University ... .. 12,016 11.6 
NC State at Univ-Raleigh . . . 11,748 11.4 
Univ of Massachusetts .... . 8,560 10.7 
5.0-9.9% Univ of Washington ....... 18,564 9.9 University of Florida ....... 9,404 9.0 
Univ of Arizona .......... 11,638 8.4 Duke University .......... 8,085 9.0 
Univ of Md College Park 10,149 8.0 Purdue University ........ 9,579 8.9 
Univ of Cai Los Angeles 14,360 7.6 VA Polytech inst & StU .... 7,010 8.7 
Univ of Southern Cal... ... 9,999 7.4 University of Pittsburgh .... 6,547 78 
Cornell University ........ 17,169 7.0 Ohio State University ...... 9,278 7.5 
Univ of Michigan ......... 14,451 6.4 University of Rochester .... 6,267 6.2 
Texas A&M Univ ......... 13,398 6.1 
Univ of ili Urbana ........ 11,414 6.0 
University of Minnesota 11,056 5.0 
3.0-5.9% Stanford University ....... 10,979 4.6 Univ of Connecticut ....... 3,729 4.6 
Harvard University® ....... 7,778 4.6 Baylor Col of Medicine ..... 3,860 4.3 
University of Georgia ..... 4,982 4.0 Univ of Colorado ......... 4,502 4.0 
Univ of Cal Berkeley ...... 6,580 3.8 California inst of Tech ..... 3,436 4.0 
Yale University .......... 5,563 3.8 Northwestern Univ ........ 3,101 3.5 
Univ of Cal Davis ........ 5,324 3.7 Rutgers St Univof NJ ..... 3,087 3.3 
Univ of Wis-Madison ...... 8,586 3.4 University oflowa ........ 2,615 3.3 
Univ of Cal San Diego 5,902 3.2 New York University ...... 3,036 3.1 
<3.0% Columbia Univ Main Div 3,915 2.6 Michigan State Univ ....... 3,137 2.8 
Univ of CalSan Fran ..... 4,008 2.4 Oregon State Univ ........ 1,890 2.4 
Univ of Texas at Austin . 3,161 1.9 University of Chicago ...... 1,812 2.0 
Univ of Pennsylvania ..... 2,536 1.6 Louisiana State Univ ...... 1,481 1.5 
Johns Hopkins Univ ...... 7,755 1.5 Univ of NC-Chapel Hill... . . 509 0.1 
Rank 51-75 ($78-53 million)? Rank 76-100 ($52-$36 million)? 
Average industrial share® .. 5.6 Average industrial share? . . . 7.3 
210% New Mexico State Univ 9,847 168 Univ of Md Balt Prof Sch ... 7,652 168 
University of Kentucky 6,312 11.5 Arizona State University ... 5,575 144 
University of Miami ....... 7,300 11.2 Virginia Commonwith Univ . . 5,400 13.2 
Tulane University ......... 4945 129 
Vanderbilt University ...... §,313 12.2 
Brown University ......... 4,250 112 
University of New Mexico .. 4858 10.7 
5.0-9.9% U TX Hith Sci Ctr Dallas 5,566 8.8 Univ of Cal irvine ......... 4,722 9.1 
indiana University ........ 4,597 7.0 Georgetown University .... 2,536 7.0 
Univ of Missouri Columbia 4,206 6.9 Mississippi State Univ ..... 2,823 7.0 
Princeton University ...... 4,122 6.3 Wayne State University .... 2,761 7.0 
Univ Alabama Birmingham 4,544 6.3 Clemson University ....... 3,105 6.7 
U Tennessee Knoxville 3,440 5.7 Oklahoma State Univ ...... 3,105 6.7 
Emery University ......... 3,350 5.7 Auburn University ........ 3,112 6.5 
Rockefeller University ..... 3,476 5.2 University of Kansas ...... 3,259 6.4 
University of Virginia ...... 3,260 5.1 CUNY Mt Sinai Sch of Med . 2,870 6.2 
Washington State Univ .... 2,619 5.4 
3.0-4.9% Case Western Reserve U .. 3,433 48 Univ of Cal-Santa Barbara . . 1,970 46 
lowa St U of Sci & Tech ... 3,597 4.6 University of Oklahoma .... 2,026 45 
University of Cincinnati ... . 2,299 4.3 Univ of Cal Riverside ...... 1,955 3.8 
Boston University ........ 2,276 3.9 Kans St U-Ag & App Sci ... 1,515 3.7 
Univ of Nebraska-Lincoin 1,938 3.5 Utah State University ...... 1,316 3.2 
University of Utah ........ 2,268 3.3 
(continued) 
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Thousands Indus- Thousands Indus- 
Industrial of Industry _ trial of industry __ trial 
share’ Campus dollars share Campus dollars share 
Rank 51-75 ($78-$53 million) * Rank 76-100 ($52-$36 million)? 
Average industrial share® 5.6 Average industrial share® 7.3 
<3.0% Univ of Illinois Chicago 1,728 2.7 Tufts UniversityS .......... 914 2.0 
SUNY at Stony Brook ..... 1,269 2.3 Woods Hole Ocngrphic inst 667 1.4 
Colorado State Univ ...... 1,178 2.2 Florida State University .... 280 0.6 
SUNY at Buffalo ......... 779 1.1 
Univ of Hawaii-Manoa ..... 261 0.5 
Unknown® Yeshiva University ....... 0 00 
U Tx System Cancer Ctr . 0 0.0 
Rank 100-125 ($35.2-$24.1 rion? Rank 126-150 ($23.7-$16.3 million)? 
Average industrial share . 94 Average industrial share? . . . 7.6 
210% Rensselaer Polytech Inst 8,006 31.8 Thomas Jefferson Univ .... 6,287 30.9 
Lehigh University ........ 6,731 27.0 N Mex Inst Mining & Tech .. 5,418 229 
Texas Tech University .... 4123 148 Univ of Tenn, Memphis ... 4,257 203 
Syracuse University ...... 3,975 13.1 Univ of Maine Orono ...... 2,051 12.1 
U Tex Hith Sci Ctr S Anto .. 4404 128 Montana State Univ‘ ...... 2,383 10.3 
University of Delaware 3,659 11.5 Wake Forest University® 2,402 10.2 
University of Dayton ...... 3,335 11.1 
University of idaho ....... 2,630 10.9 
5.0-9.9% U TX Hith Sci Ctr Houston . 3,494 9.9 University of N Dakota ..... 1,583 9.7 
Univ of Vt& St Agric Col ... 2,877 9.1 Rush University .......... 1,320 8.1 
Univ of Ark Fayetteville ... . 2,353 8.6 San Diego State Univ ..... 1,353 8.0 
U of Houston............ 1,959 8.0 Med Univ of So Carolina 1,548 7.9 
Medical College of Wis .... 2,018 6.7 Rice University‘ .......... 1,327 7.6 
Univ of South Carolina .... 1,531 5.2 University of Wyoming ..... 1,216 7.0 
Howard University ........ 1,112 6.7 
Southern Ili U-Carbondale . . 1,191 6.4 
Univ of New Hampshire ... . 1,057 5.4 
SUNY Hith Sci Ctr-Brklyn .. 897 5.3 
3.0-4.9% Univ of Med & Dent of NJ . 1,421 44 
U Tex Med Brnch Galveston 1,146 4.4 
Univ of Rhode Isiand ..... 1,130 4.1 
Univ of Alaska Fairbanks 1,217 4.0 
Dartmouth College ...... 1,024 3.6 
West Virginia University ... 862 3.4 
<3.0% George Washington Univ .. 359 1.5 North Dakota St. Univ> ..... 551 2.4 
Oregon Hith Sciences Univ . 243 0.9 Univ of Cal Santa Cruz 460 2.1 
University of Louisville ..... 403 1.8 
Brandeis University ....... 401 1.8 
SUNY Hith Sci Ctr-Syracuse 354 1.7 
SUNY at Albany .......... 271 1.4 
Univ of Oregon Main ...... 101 0.6 
St John's Univ (NY)* ...... 36 0.2 
Univ of California ......... 19 0.1 
Unknown® Temple Univ ............ 0 0.0 
Univ of P R-Mayagueg .... 0 0.0 
Univ of P R-Med Sci Cmpus 0 0.0 
(continued) 
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Appendix table 5-7. (Continued) 


Thousands indus Thousands _Indus- 
industrial of industry __ trial of industry trial 
share' Campus dollars § share Campus dollars share 

Rank 151-175 ($15.8-$10.1 million)? Rank 176-200 ($10.1-$6.9 million)? 
Average industrial share* . . 9.9 Average industrial share® . . . 11.5 
210% Desert Research Institute 3,378 26.2 University of Akron ........ 2,575 358 
Michigan Tech University 2,740 21.6 Oregon Graduate Center . . . 1,722 249 
University of Notre Dame 2,824 19.6 Univ of Central Florida* .... 2,158 249 
Brigham Young University 2,150 19.0 Colorado School of Mines .. 1,995 23.4 
Drexel University ......... 2,468 15.6 Stevens Instit. of Tech® .... 1,852 208 
Albany Medical College 1,661 12.5 CUNY City College ....... 1,397 15.4 
University of Alabama ..... 1,354 10.1 Clarkson University ....... 1,113 15.0 
University of Lowell ....... 1,201 144 
Univ of South Alabama .... 914 119 
lilinois Inst of Tech ........ 1,002 118 
Medical Col of Georgia .... 1,011 10.1 
5.0-9.9% SUNY Col of Env Sci & For 1,153 9.9 SUNY at Binghamton ...... 836 9.8 
NJ Inst of Technology ..... 1,026 9.8 Cleveland State Univ ...... 484 7.0 
Univ Alabama Huntsville 992 8.9 U of Arkansas Med Sci Cam 476 5.9 
University of Denver ...... 1,027 8.4 Loyola Univ—Chicago ...... 407 5.7 
Univ of Missouri Rolla ... . . 1,153 78 Loma Linda University ..... 420 56 
New York Medical College 800 6.8 Polytechnic University ..... 465 5.5 
Univ of Texas at Dallas 658 6.2 Tenn Technological Univ ... 371 5.3 
University of Mississippi 766 5.7 
Northe astern University 561 5.5 
3.0-4.9% U of Neb Med Ctr at Omaha 583 4.7 Univ of Missouri Sys Off ... 438 46 
Univ of Nevada-Reno..... 687 45 South Dakota State Univ ... 340 4.1 
Univ of Wis-Milwaukee . . 407 3.7 
3.0% Univ of South Florida ..... 117 0.9 Wright State University® 65 0.9 
U of MD Center for EES .. 21 0.2 Ohio University .......... 62 0.7 
Hahnemann University .... 33 0.4 
Unknown® US Naval Postgrad Schoo! 0 0.0 Florida A&M Univ ......... 0 00 
Unif Serv Univ of Hith Sc 0 0.0 Med Col of Ohio at Toledo . . 0 0.0 
Medical Col of Penn ...... 0 0.0 
St. Louis Univ ........... 0 0.0 
‘Percentage of total R&D provided by industry. 
2Ranking is derived by sorting campuses receiving R&D funding into groups of 25 from highest to lowest funding. Dollars show range of total R&D expenditures per campus, 
for the 25 campuses. 
3Data include only those campuses reporting that they received separate industrial R&D support. 
“Data for industrial support were imputed. 


5Data for industrial support were estimated. 
includes campuses reporting no industrial support and campuses reporting industrial support data not available. 
SOURCE: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF 1989). 


See text table 5-2. 
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Appendix table 5-8. Federal and non-Federai R&D expenditures at universities and colleges, by 


field and source of funds: 1987 
Total Federal Non-Federal' 
Thousands Thousands Thousands 

Field of dollars Percent ofdollars Percent of dollars Percent 
Total .. 0.0... eee eee eee eee 12,081,531 100.0 7,325,710 60.6 4,755,822 39.4 
Total sciences .................... 10,192,813 84.4 6,213,969 61.0 3,978,844 39.0 
Physical sciences................ 1,378,741 11.4 1,040,635 75.5 338,106 24.5 
Astronomy ................... 109,921 0.9 72,355 65.8 37,566 34.2 
Chemistry .................... 507,788 4.2 365,480 72.0 142,308 28.0 
Physics .................0005. 657,587 5.4 526,111 80.0 131,477 20.0 
Other physical sciences ......... 103,444 0.9 76,690 74.1 26,755 25.9 
Environmental sciences ........... 832,003 6.9 546,008 65.6 285,994 34.4 
Atmospheric .................. 132,008 1.1 107,396 81.4 24,612 18.6 
Earth sciences ................ 285,552 2.4 161,344 56.5 124,208 43.5 
Oceanography ................ 296,247 2.5 218,816 73.9 77,431 26.1 
Other environmental sciences 118,196 1.0 58,453 49.5 59,744 50.5 
Mathematical sciences ........... 180,491 1.5 131,271 72.7 49,220 27.3 
Computer science ............... 370,284 3.1 252,680 68.2 117,604 31.8 
Life sciences ................... 6,478,485 53.6 3,826,175 59.1 2,652,310 40.9 
Agricultural sciences ........... 1,169,304 9.7 299,467 25.6 869,837 74.4 
Biological sciences ............. 2,057,203 17.0 1,397,686 67.9 659,517 32.1 
Medical sciences .............. 3,011,773 24.9 1,992,550 66.2 1,019,223 33.8 
Other life sciences ............. 240,205 2.0 136,472 56.8 103,733 43.2 
Psychology .................0.. 187,637 1.6 122,141 65.1 65,496 34.9 
Social sciences ................. 496,833 4.1 168,607 33.9 328,226 66.1 
Economics ................... 144,132 1.2 42,624 29.6 101,508 70.4 
Political science ............... 80,989 0.7 23,721 29.3 57,268 70.7 
Sociology .................0.. 88,040 0.7 43,092 48.9 44,948 51.1 
Other social sciences ........... 183,672 1.5 59,169 32.2 124,503 67.8 
Other sciences .................. 268,339 2.2 126,451 47.1 141,888 52.9 
Total engineering.................. 1,888,718 15.6 1,111,740 58.9 776,978 41.1 
Aeronautical and astronautical ..... 116,266 1.0 87,669 75.4 28,598 24.6 
Chemical .................0005. 140,438 1.2 69,880 49.8 70,558 50.2 
Mh ot ng -0scned5 eu Ganeenksunan 190,975 1.6 92,361 48.4 98,614 51.6 
Electrical ..................00.. 445,927 3.7 292,735 65.6 153,192 34.4 
Mechanical..................... 274,609 2.3 175,915 64.1 98,694 35.9 
Other engineering ............... 720,502 6.0 393,181 54.6 324,322 45.0 


'See appendix table 5-2 for detail on non-Federal sources. 
SOURCE: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989). 
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Appendix table 5-9. Expenditures for academic R&D, by field: 1976-87 


Field 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 
Thousands of current dollars 
CR nn ced se vane éaun 3,729,007 4,066,953 4,624,673 5,361,408 6,061,578 6,845,162 7,324,391 7,883,642 8,623,264 9,694,563 10,925,507 12,081,531 
Total sciences ........ 3,297,280 3,568,480 4,023,611 4,593,001 5,195,716 5,877,110 6,291,150 6,761,253 7,399,957 8,275,072 9,283,706 10,192,813 
Physical sciences 379,379 423,457 496,399 601,904 678,083 766,730 824,472 900,889 995.548 1,147,737 1,281,940 1,378,741 
Astronomy ....... 26,294 32,361 36,782 48,459 58,592 67,303 73,160 73,493 80,118 95,115 100,189 109,921 
Chemistry ........ 140,142 159,353 183,131 206,421 244,823 285,505 308,667 335,890 369,945 422,087 468,386 507,788 
Physics .......... 183,050 201,655 235,099 292,033 322,473 357,343 366,964 416,946 471,198 550,333 628,395 657,587 
Other ........ 29,893 30,088 41,387 54,991 52,195 56,579 75,681 74,560 74,288 80,202 84,970 103,444 
Environmental 
sciences ........... 288,531 319,398 379,391 452,915 508,551 550,360 558,621 617,940 651,074 708,834 780,147 832,003 
Atmospheric ...... NA NA NA NA 67,386 79,166 86,365 97,992 104,792 110,202 123,731 132,008 
Earth sciences . NA NA NA NA 187,867 190,158 195,719 217,438 227,585 252,669 275,167 285,552 
Oceanography NA NA NA NA 171,669 187,875 198,383 223,885 238,730 256,594 277,918 296,247 
Other ........ NA NA NA NA 81,629 93,161 78,154 78,625 79,967 89,369 103,331 118,196 
Mathematical sciences 42,491 52,312 58,756 78,477 78,773 88,532 97,985 107,999 124,801 129,898 153,452 180,491 
Computer science 44,503 55,563 67,422 97,921 113,655 132,797 149,347 175,658 223,577 281,142 318,465 370,284 
Life sciences ....... 2,101,695 2,258,806 2,538,004 2,832,523 3,217,642 3,694,867 4,015,390 4,307,626 4,715,507 5,277,846 5,894,747 6,478,485 
Agricultural sciences 412,867 460,647 521,745 602,485 678,816 788,014 864,336 921,103 955,481 1,054,843 1,144,474 1,169,304 
Biological sciences 710,724 772,290 808,500 914,806 1,030,191 1,188,664 1,288,261 1,420,410 1,572,032 1,721,128 1,869,375 2,057,203 
Medical sciences 897,376 950,907 1,128,652 1,237,556 1,416,364 1,605,247 1,738,706 1,834,164 2,037,191 2,322,316 2,658,020 3,011,773 
Other life sciences 80,728 74,962 79,107 77,676 92,271 112,942 124,087 131,949 150,803 179,558 222,877 240,205 
Psychology ......... 77,888 85,133 89,664 100,531 111,084 128,738 132,272 136,850 144,712 157,652 169,543 187,637 
Social sciences ..... 262,261 268,087 277,497 295,138 341,725 370,518 357,257 348,992 366,457 386,937 458,299 496,833 
Economics ....... 65,447 72,124 79,129 83,089 90,817 99,751 96,161 99,086 109,867 118,121 132,855 144,132 
Political science 28,355 32,314 36,571 45,431 55,391 56,485 61,561 56,009 57,053 59,745 69,060 80,989 
Sociology ........ 66,246 61,939 66,900 74,641 87,992 94,414 79,821 78,440 74,030 77,633 87,857 88,040 
Other social sciences 102,213 101,710 94,897 31,977 107,525 119,868 119,714 115,457 125,507 131,439 168,527 183,672 
Other sciences ...... 100,532 105,724 116,478 133,592 146,203 144,568 155,806 165,299 178,281 185,026 227,114 268,339 
Total engineering ...... 431,727 498,473 601,062 768,407 865,862 968,052 1,033,241 1,122,389 1,223,307 1,419,491 1,641,802 1,888,718 
Aeronautical/ 
astronautical ...... NA NA NA NA 45,983 45,888 60,255 65,739 67,061 86,498 99,872 116,266 
Chemical .......... NA NA NA NA 67,768 84,399 83,173 90,764 95,360 109,263 125,521 140,438 
Me 260662 0444446% NA NA NA NA 88,132 114,122 114,543 124,882 140,912 155,274 178,697 190,975 
Electrical........... NA NA NA NA 184,286 192,848 224,245 261,241 294,850 337,607 396,218 445,927 
Mechanical ......... NA NA NA NA 147,157 149,096 142,352 148,556 178,646 507,414 226,709 274,609 
Other engineering NA NA NA NA 332,536 381,699 408,673 431,207 446,478 523,435 614,784 720,502 
(continued) 
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Appendix table 5-9. (Continued) 


Field 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 
Thousands of constant 1982 dollars' 
Total................ 5.912.489 6,067,362 6,448,233 6,882,424 7,153,148 7,343,806 7,324,391 7,563,698 7,970,482 8,692,337 9,535,265 10,217,804 
Total sciences ........ 5,227,969 5,323,706 5,610,166 5,896,022 6,131,362 6,305,235 6,291,150 6496859 6,839,779 7,419,593 8,102,379 8,620,444 
Physical sciences 601,521 631,743 692,135 772,662 800,192 822,583 824,472 864,328 920.185 1,029,084 1,118,817 1,166,053 
Astronomy ....... 41,690 48,278 51,286 62,207 69,143 72,206 73,160 70,510 74,053 85,282 87,440 92,964 
Chemistry ........ 222,201 237,734 255,342 264,982 288,911 306,303 308,667 322,258 341,940 378,452 408,785 429,455 
Physics .......... 290,233 300,843 327,801 374,882 380,544 383,374 366,964 400,025 435,528 493,439 548,433 556,146 
Other ........ 47,397 44,887 57,706 70,592 61,594 60,701 75,681 71,534 68,664 71,911 74,158 87,486 
Environmental 
sciences ........... 457,477 476,500 528,989 581,406 600,131 590,452 558,621 592,862 601,788 635,555 680,875 703,656 
Atmospheric ...... NA NA NA NA 79,521 84,933 86,365 94,015 96,859 98,809 107,987 111,644 
Earth sciences . NA NA NA NA 221,698 204,010 195,719 208,614 210,357 226,548 240,153 241,502 
Oceanography NA NA NA NA 202,583 201,561 198,383 214,799 220,658 230,067 242,554 250,547 
Other ........ NA NA NA NA 96,329 99,947 78,154 75,434 73,913 80,130 90,182 99,963 
Mathematical sciences 67,371 78,043 81,924 100,741 92,958 94,981 97,985 103,616 115,354 116,469 133,926 152,648 
Computer science 70,561 82,893 94,007 125,701 134,122 142,471 149,347 168,529 206,652 252,077 277,941 313,163 
Life sciences ....... 3,332,321 3,369,843 3,538,767 3,636,101 3,797,076 3,964,024 4,015,390 4,132,608 4,358,542 4,732,221 5,144,656 5,479,098 
Agricultural sciences 654,617 687,225 727,475 773,408 801,057 845,418 864,336 883,722 883,151 945,793 998 843 988,924 
Biological sciences 1,126,881 1,152,156 1,127,301 174,334 1,215,708 1,275,254 1,288,261 1,362,765 1,453,029 1,543,197 1,631,502 1,739,854 
Medical sciences 1,422,825 1,418,629 1,573,692 1,588,647 1,671,423 1,722,183 1,738,706 1,759,728 1,882,975 2,082,234 2,319,794 2,547,169 
Other life sciences 127,997 111,834 110,300 99,712 108,887 121,169 124,087 126,594 139,387 160,995 194,516 203,150 
Psychology ......... 123,495 127,007 125,020 129,051 131,088 138,116 132,272 131,296 133,757 141,354 147,969 158,692 
Social sciences ..... 415,825 399,951 386,917 378,868 403,263 397,509 357,257 334,829 338,716 346,935 399,982 420,190 
Economics ....... 103,769 107,600 110,330 106,661 107,171 107,017 96,161 95,065 101,550 105,910 115,950 121,898 
Political science 44,958 48,208 50,991 58,320 65,366 60,600 61,561 53,736 52,734 53,569 60,272 68,495 
Sociology ........ 105,036 92,405 93,279 95,816 103,838 101,292 79,821 75,257 68,426 69,607 76,677 74,459 
Other social sciences 162,063 151,738 132,316 118,071 126,888 128,600 119,714 110,771 116,006 117,851 147,082 155,338 
Other sciences ...... 159,397 157,726 162,407 171,492 172,531 155,099 155,806 158,591 164,785 165,898 198,214 226,944 
Total engineering ...... 684,520 743,657 838,067 986,402 1,021,787 1,038,571 1,033,241 1,076,839 1,130,702 1,272,744 1,432,887 1,597,360 
Aeronautical/ 
astronautical ...... NA NA NA NA 54,264 49,231 60,255 63,071 61,984 77,556 87,164 98,331 
Chemical .......... NA NA NA NA 79,972 90,547 83,172 87,080 88,141 97,967 109,549 118,774 
ME setceceuecesads NA NA NA NA 104,003 122,435 114,543 119,814 130,245 139,222 155,958 161,515 
Electrical........... NA NA NA NA 217,472 206,896 224,245 250,639 272,530 302,705 345,290 377,137 
Mechanical ......... NA NA NA NA 173,657 159,957 142,352 142,527 165,122 454,957 197,861 232,247 
Other engineering . NA NA NA NA 392,419 409,504 408,673 413,707 412,680 469,322 536,554 609,356 
NA = Not available. 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCES: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989), and the same publication title for earlier years. 


See figure 0-21 in Overview. 
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Appendix table 5-10. Capital fund for facilities and certain equipment 
in acader .c S/E: 1964-87 
Total Federal sources Non-Federal sources 
Current Constant Current Constant Current Constant 
dollars § 1982 dollars’ dollars § 1982 dollars’ dollars § 1982 dollars’ 
Thousands of dollars 

1964 ......0 0. ce eee. 529.492 1,602,094 134,439 406,775 395,053 1,195,319 
1965 ..............000.. NA NA NA NA NA NA 
1966 ................... 666,997 1,919,968 212,397 611,390 454,600 1,308,578 
1967 ...... 0. cee eee. NA NA NA NA NA NA 
1968 ......... 00.0000... 1,070,727 2,879,072 340,447 915,426 730,280 1,963,646 
1969 .................0.. NA NA NA NA NA NA 
1970 .......... cece eee 951,873 2,294,776 279,316 673,375 672,557 1,621,401 
OE sc aucescceseedassces NA NA NA NA NA NA 
GN, nvgecessteseeee<aee 912,487 1,981,083 236,836 514,190 675,651 1,466,893 
eee re 835,862 1,728,774 224,651 464,635 611,211 1,264,139 
1974 2... cece 841,560 1,613,420 225,681 432,671 615,879 1,180,750 
ME cgeeeeacceeseaacces 1,018,773 1,771,163 270,083 469,546 748,690 1,301,617 
1976 .. 2... cece eee 1,043,153 1,680,337 206,890 333,264 836,263 1,347,073 
W977 cee eee 960,014 1,432,215 195,519 291,689 764,495 1,140,527 
1978 ... 0... cece eee NA NA NA NA NA NA 
1979 2... ee 696,218 893,733 164,460 211,117 531,758 682,616 
1980 ... 0... cece 794,512 937,588 149,563 176,496 644,949 761,092 
1981 2... eee eee 958,588 1,028,418 153,800 165,004 804,788 863,414 
EE. 00.000%0040 008064606 969,147 969,147 116,651 116,651 852,496 852,496 
1983 0. eee 1,096,594 1,052,091 129,294 124,047 967,300 928,044 
GD -cecesctscedeueseaes 1,211,821 1,120,086 138,383 127,907 1,073,438 992,179 
ere ee 1,249,941 1,120,722 103,758 93,031 1,146,183 1,027,690 
GE. cceaceeeeeccbeceses 1,516,807 1,323,797 148,647 129,732 1,368,160 1,194,065 
SE ac scececeseesssven 1,779,796 1,505,240 167,478 141,642 1,612,319 1,363,599 
NA = Not available. 


'See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars. 


Note: Data are for expenditures on facilities used for research, development, and instruction, and for expenditures on nonfixed equipment 


costing over $1 million. 


SOURCES: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989); and the 


same publication title for earlier years. 
See figure 5-3. 
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Appendix table 5-11. Capital expenditures at universities and colleges, by field and source of funds: 1980-87 


Field 1980 1981 1982 1983 1984 1985 1986 1987 
Thousands of current dollars — 

pane peuuccueaweceverensvues 794,512 958 588 969.147 1.096.594 1,211,821 1,249,941 1.516.807 1,779,796 
Engineering ................... 89,297 103,329 144,457 134,539 141,969 182,386 309,938 389,188 
Total sciences ................. 705,215 855,259 824,690 962.055 1.069.852 1.067555 1.206.869 1,390,609 

Physical sciences ............. 77,154 87,813 82,100 96,752 114,698 119,551 142,396 156,052 
Environmental sciences ........ 36,208 35,025 42,365 40,965 36,662 53,822 46,793 51,526 
Mathematical/computer sciences 32,318 30,517 34,328 52,897 49,563 76,772 89,579 81,422 
Life sciences ................. 459,057 603,551 590,353 678,378 740,785 712,304 797,433 944 562 
Psychology .................. 17,982 10,991 12,798 16,667 35,190 13,909 18,765 10,703 
Social sciences ............... 35,073 45,138 30,797 40,718 51,933 61,785 50,390 55,381 
Other sciences, N.E.C 47,423 42,224 31,949 35,678 41,022 29,413 61,453 90,964 

Federal sources .................. 149,563 153,800 116,651 129,294 138,383 103,758 148,647 167,478 
Engineering ................... 20,438 17,601 18,136 15,831 23,267 12,623 29,558 39,101 
Total sciences ................. 129,125 136,199 98,515 113,463 115,116 91,136 119,089 128,377 

Physical sciences ............. 22,463 25,529 20,154 17,952 17,619 30,489 34,059 35,171 
Environmental sciences ........ 8,033 6,866 4.404 3,488 3,269 3,075 5,642 12,010 
Mathematical/computer sciences 5,653 4,944 3,798 4,276 4,821 6,657 13,892 9,399 
Life sciences ................. 86,105 89,410 66,004 80,565 84,855 46,281 55,654 54,661 
Psychology .................. 2,002 1,580 1,023 1,004 981 761 1,346 796 
Social sciences ............... 1,528 6,376 1,374 4,845 2,924 2,099 2,430 3,431 
Other sciences, N.E.C 3,341 1,494 1,758 1,333 646 1,774 6,065 12,909 

Non-Federal sources .............. 644,949 804,788 852,496 967,300 1,073,438 1,146,183 1,368,160 1,612,319 
Engineering ................... 68,859 85,728 126,321 118,708 118,702 169,763 280,380 350,087 
Total sciences ................. 576,090 719,060 726,175 848,592 954,736 976.419 1,087,780 1,262,232 

Physical sciences ............. 54,691 62,284 61,946 78,800 97,078 89,062 108,337 120,881 
Environmental sciences ........ 28,175 28,159 37,961 37,477 33,393 50,747 41,151 39,516 
Mathematical/computer sciences 26,665 25,573 30,530 48,621 44,742 70,115 75,687 72,023 
Life sciences ................. 372,952 514,141 524,349 597,813 655,930 666,023 741,839 889,901 
Psychology .................. 15,980 9,411 11,775 15,663 34,209 13,148 17,419 9,906 
Social sciences ............... 33,545 38,762 29,423 35,873 49,009 59,686 47,960 51,950 
Other sciences, N.E.C 44,082 40,730 30,191 34,345 40,376 27,639 55,388 78,055 
Thousands of constant 1982 dollars’ 

Ce sanchousebieddcdnesecseare 937,588 1,028,418 969,147 1,052,091 1,120,086 1,120,722 1,323,797 1,505,240 
PEED ov en0seeccetsasaens 105,378 110,856 144,457 129,079 131,222 163,531 270,499 329,151 
Total sciences ................. 832,210 917,561 824,690 923,012 988 864 957,191 1,053,298 1,176,090 

Physical sciences ............. 91,048 94,210 82,100 92,825 106,015 107,192 124,276 131,979 
Environmental sciences ........ 42,728 37,576 42,365 39,303 33,887 48,258 40,839 43,577 
Mathematicai/computer sciences 38,138 32,740 34,328 50,750 45,811 68,835 78,180 68,862 
Life sciences ................. 541,724 647,517 590,353 650,847 684,707 638,666 696,014 798,851 
Psychology ...............45. 21,220 11,792 12,798 15,991 32,526 12,471 16,377 9,052 
Social sciences ............... 41,389 48,426 30,797 39,066 48,002 55,398 43,978 46,838 
Other sciences, N.E.C 55,963 45,300 31,949 34,230 37,917 26,372 53,633 76,932 

Federal sources .................. 176,496 165,004 116,651 124,047 127,907 93,031 129,732 141,642 
Engineering ................... 24,118 18,883 18,136 15,189 21,506 11,318 25,797 33,069 
Total sciences ................. 152,378 146,121 98,515 108,858 106,402 81,714 103,935 108,573 

Physical sciences ............. 26,508 27,389 20,154 17,223 16,285 27,337 29,725 29,745 
Environmental sciences ........ 9,480 7,366 4,404 3,346 3,022 2,757 4,924 10,157 
Mathematical/computer sciences 6,671 5,304 3,798 4,102 4,456 5,969 12,124 7,949 
Life sciences ................. 101,611 95,923 66,004 77,295 78,431 41,496 48,572 46,229 
Psychology ..............005. 2,363 1,695 1,023 963 907 682 1,175 673 
Social sciences ............... 1,803 6,840 1,374 4,648 2,703 1,882 2,121 2,902 
Other sciences, N.E.C 3,943 1,603 1,758 1,279 597 1,591 5,293 10,918 
(continued) 
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Appendix table 5-11. (Continued) 


Field 1980 1981 1982 1983 1984 1985 1986 1987 
Thousands of constant 1982 dollars’ — 
Non-Federal sources .............. 761,092 863,414 852,496 928,044 992179 1.027.690 1,194,065 1,363,599 
Engineering ................... 81,259 91,973 126,321 113,890 109,716 152.213 244,702 296.082 
Total sciences ................. 679,832 771,441 726,175 814,153 882,462 875,477 949.363 1,067,517 
Physical sciences ............. 64,540 66,821 61,946 75,602 89,729 79,855 94 551 102,234 
Environmental sciences ........ 33,249 30,210 37,961 35,956 30,865 45,501 35,915 33,420 
Mathematical/computer sciences . 31,467 27,436 30,530 46,648 41,355 62,866 66,056 60,913 
Life sciences ................. 440,113 551,594 524,349 573,552 606,276 597,169 647,442 752,623 
Psychology ..............-.-.. 18,858 10,097 11,775 15,027 31,619 11,789 15,202 8,378 
Social sciences ............... 39,586 41,586 29,423 34,417 45,299 53,516 41,857 43,936 
Other sciences,N.E.C.......... 52,020 43,697 30,191 32,951 37,320 24,782 48,340 66,0°4 


N.E.C. = Not elsewhere classified. 
‘See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars. 
SOURCE: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989). 
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Appendix table 5-12. Cost and square footage of academic R&D construction: 1986+ 1987 and 1968+ 1969 


New R&D space Cost’ Cost per square foot 

Field 1986+ 1987 1988+ 1989 1986+1987 1988+ 1989 1986+ 1987 1988+ 1989 

— Thousands of square feet ~——— Millions of dollars eae— 
We gocaedecshsteedcuness 9,989 11,829 2,063 3,399 207 287 
Engineering .............. 2,409 1,903 434 501 180 263 
Physical sciences ......... 803 1,782 183 533 228 299 
Environmental sciences .... 384 427 57 126 148 295 
Mathematics ............. 9 34 2 6 222 176 
Computer science ......... 240 224 61 69 254 308 
Agricultural sciences ....... 1,542 809 153 216 99 267 
Biological sciences ........ 1,730 2,435 478 668 276 274 
Medical sciences .......... 1,927 3,263 502 1083 261 332 
Psychology .............. 134 78 24 29 179 372 
Social sciences ........... 203 233 38 62 187 266 
Other sciences ........... 607 641 140 105 231 164 


‘Project cost estimates are prorated to reflect R&D component only. 
Note: Data for 2 years are combined, e.g, 1986+ 1987 means data for 1986 and 1987 are added together. 
SOURCE: NSF, Scientific and Engineering Research Facilities at Universities and Colleges: 1988, NSF 88-320 (Washington, DC: NSF, 1988). 
Science & Engineering indicators— 1989 
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Appendix table 5-13. Current fund expenditures for research equipment at universities and colleges, 


by field: 1980-87 
Field 1980 1981 1982 1983 1984 1985 1986 1987 
Thousands of current dollars 

Federal and non-Federal 

SE < ccpneasceveccesseees 333,468 413,972 408,479 435,178 518,125 654 840 778,346 832,518 
Engineering.............. 55,620 69,008 65,861 75,018 90,650 119,458 142,161 172,044 
Physical sciences ......... 54.019 76,141 78,126 73,375 107,450 141,532 162,989 164,487 
Environmental scences 24 458 31,4739 28,321 31,521 40,806 46.932 52,456 56.100 
Mathematics ............. 1,505 1,902 2,556 2.668 4,539 5,747 5.365 8,193 
Computer science ......... 8,153 10,899 12,672 15,615 19,056 38,668 46,088 48,581 
Life sciences ............. 170,007 202,184 199,574 205,680 225,575 269,603 327,553 333,615 
Psychology .............. 4,291 6,022 5,784 6.629 7,066 8,480 8,329 10,417 
Social sciences ........... 8,989 9,179 7,143 8,961 12,727 9.334 13,552 11,927 
Other sciences ........... 6,326 7,158 8,461 9.711 10,257 15,026 19,852 27,154 

Federal 

ll nnnaceceseseseesee“ws 220,061 265,048 266,780 272,819 335,495 427,159 502,176 524,733 
Engineering.............. 34,984 42,396 43,220 48,958 59,278 75,960 82,103 99.086 
Physical sciences ......... 44 364 58,475 62,642 62,055 86,746 113,097 131,482 129,676 
Environmental sciences 16,212 19,165 18,423 19,649 29,477 32,102 36,840 36.699 
Mathematics ............. 1,111 1,127 1,617 1,476 3,213 4,700 3,813 6,045 
Computer science ......... 3,446 5,436 8.215 10,229 14,056 32,709 38,881 39,555 
Life sciences ............. 109,112 126,175 120,189 117,039 128,837 151,265 187,242 187,884 
Psychology .............. 3,278 4 466 4,219 4,749 5,016 6,198 5.668 7,323 
Social sciences ........... 4,292 3.999 2,907 2.917 3 484 4,196 4,503 3,730 
Other sciences ........... 3,262 3,808 5,306 5.747 5,387 6.932 11,635 14,127 

Non-Federal 

Total .. 2.2 cece eee eee 113,407 148,924 141,699 162,359 182,632 227 682 276,169 307,785 
Engineering.............. 20,636 26,612 22,641 26,060 31,372 43,498 60,058 72,958 
Physical sciences ......... 9,655 17, 666 15,484 17,320 20,705 28,435 31,497 34,810 
Environmental sciences 8,246 12,314 9,898 11,872 11,329 14,891 15,616 19.400 
Mathematics ............. 454 775 939 1,192 1,326 1,047 1,553 2.148 
Computer science......... 4,707 5,463 4,457 5,386 4,999 5,959 7,208 9,026 
Life sciences ............. 60,895 76,009 79,385 88.641 96,737 118,338 140,310 145,731 
Psychology .............. 1,013 1,556 1,565 1,880 2,050 2,282 2,660 2. 488 
Social sciences ........... 4,697 5,180 4.2% 6,044 9,243 5.138 9,049 8,197 
Other sciences ........... 3,064 3,349 3,155 3,964 4,870 8,094 8,217 13,027 

Thousands of constant 1982 dollars’ 

Federal and non-Federal 

Total ccc cece uee 393,519 444,128 408 479 417,517 478,903 587.142 679,304 704,092 
Engineering.............. 65,636 74,035 65,861 71,974 83,788 107,108 124,071 145,504 
Physical sciences ......... 63,747 81,688 78,126 76,154 99,316 126,900 142,249 139,113 
Environmental sciences .._. 28,862 33,772 28,321 30,242 37,717 42,134 45,781 47 446 
Mathematics ... ......... 1,894 2,041 2,556 2,560 4,195 5,153 4,682 6,929 
Computer science......... 9,621 11,693 12,672 14,981 17,613 34,670 40,223 41,087 
Life sciences ............ , 200,622 216,912 199,574 197,333 208,499 241,731 285,873 282,151 
Psychology .............. 5,064 6,461 5,784 6,360 6,531 7,603 7,269 8.810 
Social sciences ........... 10,608 9 848 7,143 8,597 11,764 8,369 11,828 10,067 
Other sciences ........... 7,465 7,679 8,461 9.317 9,481 13,473 17,326 22.965 

(continued) 
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Appendix table 5-13. (Continued) 


Field 1980 1981 1982 1983 1984 1985 1986 1987 
— - ~ Thousands of constant 1982 dollars’ 

Federal 

GN oye veve ceeses cues es 259,690 284,356 266,780 261,747 310,098 382,999 438,275 443,786 
Engineering.............. 41,284 45 484 43,220 46,971 54,791 68,107 71,656 83,801 
Physical sciences ......... 52,353 62,735 62,642 59,537 80,179 101,405 114,760 109,672 
Environmental sciences 19,131 20,561 18,423 18,852 27,246 28,783 32,152 31,038 
Mathematics ............. 1,311 1,209 1,617 1,416 2,970 4,214 3,328 5,112 
Computer science ......... 4,067 5,832 8,215 9,814 12,992 29,328 33,933 33,453 
Life sciences ............. 128,761 135,366 120,189 112,289 119,084 135,627 163,416 158,901 
Psychology .............. 3,868 4,791 4,219 4,556 4,636 5,557 4,947 6,706 
Social sciences ........... 5,065 4,290 2,907 2,799 3,220 3,762 3,930 3,155 
Other sciences ........... 3,849 4,086 5,306 5,514 4,979 6,215 10,154 11,948 

Non-Federal 

ee 133,829 159,773 141,699 155,770 168,807 204,144 241,027 260,305 
Engineering.............. 24,352 28,551 22,641 25,002 28,997 39,001 52,416 61,703 
Physical sciences ......... 11,394 18,953 15,484 16,617 19,138 25,495 27,489 29,440 
Environmental sciences 9,731 13,211 9,898 11,390 10,471 13,352 13,629 16,407 
Mathematics ............. 583 831 939 1,744 1,226 939 1,355 1,817 
Computer science ......... 5,555 5,861 4,457 5,167 4,621 5,343 6,291 7,634 
Life sciences ............. 71,861 81,546 79,385 85,044 89,414 106,104 122,456 123,250 
Psychology .............. 1,195 1,669 1,565 1,804 1,895 2,046 2,322 2,104 
Social sciences ........... 5,543 5,557 4,236 5,799 8,543 4,607 7,898 6,933 
Other sciences ........... 3,616 3,593 3,155 3,803 4,501 7,257 7,171 11,017 


'See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 dollars. 
SOURCE: NSF, Academic Science/Engineering: R&D Funds, Fiscal Year 1987, NSF 89-311 (Washington, DC: NSF, 1989). 
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Appendix table 5-14. National stock of in-use academic instrumentation, in selected fields: 1962/83 and 1985/86 


Instrument systems Aggregate purchase price Mean price/system 
Field 1982/83 1985/86 1982/83 1985/86 1982/83 1985/86 
Percent Percent Percent 
Number change Millions of dollars change Thousands ofdollars change 
WED ovaeicetseceesdvsxee 36,300 53,900 48 1311 1882 44 36.1 36.3 1 
Engineering ............ 6,800 9,300 37 261 349 34 38.5 39.5 3 
Agricultural sciences ...... 1,600 2,600 63 37 60 62 22.7 24.0 6 
Biological sciences ....... 15,300 22,300 46 420 624 49 27.4 28.6 4 
Colleges & universities 6,400 10,300 61 166 272 64 25.9 27.3 5 
Medical schools ....... 8,900 12,000 35 254 352 39 28.6 29.7 4 
Computer science........ 900 2,200 144 50 93 86 578 44.8 -22 
Environmental sciences 2,100 3,300 57 109 160 47 516 50.6 -2 
Materials science ........ 600 800 33 34 43 26 53.0 54.8 3 
Physical sciences ........ 8,800 12,300 40 390 511 31 446 43.9 -2 
Interdisciplinary,N.E.C .... 200 1,200 500 8 42 425 (") 39.0 (‘) 


N.E.C. = Not elsewhere classified. 
‘Estimate is unstable. 


Note: Estimates for the agricultural, biological, and environmental sciences are for 1983 and 1986. Estimates for all other fields are for 1982 and 1985. Data apply 
to instrument systems costing between $10,000 and $1 million. Data exclude instrument systems not yet in use (approximately 1,200 systems), and 
inactive/inoperable systems (approximately 9,300 systems). Detail may not add to total because of rounding. Data are adjusted for inflation both in terms of 
instrument prices and in weighting school responses based on their total R&D expenditures. 


SOURCE: NSF, Academic Research Equipment in Selected Science/Engineering Fields: 1982-83 to 1985-86, SRS 88-D1 (Washington, DC: NSF, 1988). 
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Appendix table 5-15. instrumentation-related expenditures in academic departments and facilities, in selected fields: 1982/83 and 1985/86 


Purchases of research-related 


Equipment 


Total Purchases of research equipment’ computer services maintenance and repair 
Field 1982/83 1985/86 1982/83 1985/86 1982/83 1985/86 1982/83 1985/86 
Percent Percent Percent Percent 
Millions of dollars change Millions of dollars change Millions of dollars change Millions of dollars change 
a a 638 809 27 413 612 48 121 66 -45 104 131 26 
Engineering ................ 146 193 32 86 146 70 41 20 -51 19 26 38 
Agricultural sciences ......... 41 41 1 28 30 6 7 5 -29 5 6 20 
Biological sciences ........... 192 220 14 132 173 31 28 9 -68 32 38 18 
Colleges and universities 79 102 29 52 82 58 13 5 -62 14 15 8 
Medical schools ........... 113 118 4 81 91 13 15 4 -73 18 23 26 
Computer science ........... 29 58 100 20 41 108 4 4 0 6 13 103 
Environmental sciences ....... 49 63 29 33 46 38 7 7 0 9 10 8 
Materials sciences ........... 12 9 -27 10 8 -17 1 1 0 2 1 -57 
Physical sciences ............ 151 196 30 91 147 61 32 18 -44 28 31 10 
interdisciplinary,N.E.C........ 18 30 69 13 21 58 2 3 50 3 6 131 


N.E.C. = Not elsewhere classified. 
‘Data are for research equipment costing $10,000 to $1 million per system. 


Notes: Estimates for the agricultural, biological, and environmental sciences are for 1983 and 1986. Estimates for all other fields are for 1982 and 1985. Detail may not add to total because of rounding. Data are adjusted 


for inflation both in terms of instrument prices and in weighting school responses based on their total R&D expenditures. 
SOURCE: NSF, Academic Research Equipment in Selected Science/Engineering Fields: 1982-83 to 1985-86, SRS 88-D1 (Washington, DC: NSF, 1988). 
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SOR 8 St eae canes ene 
nonscience fields: 1960, 19868, and 1969 


Average price per Average annual 
subscription percent change 
1980 1988 1989 1980-89 1988-89 
—— Dollars———-  — Percent change — 
All science categories 
Mathematics ............... 93 264 # 277 12.9 4.9 
Astronomy ................. 109 226 233 8.8 3.1 
DD accegbneeevesecceee 199 370 376 7.3 1.6 
Chemistry ................. 231 594 591 11.0 0.5 
Geology .................. 79 «©6182 8194 10.5 6.6 
Natural history .............. 123. = 291 308 10.7 5.8 
Botany .................... 79 161 173 9.1 75 
Zoology ....... eee cece eens 69 146 #158 9.6 8.2 
Physiology ................ 200 414 413 8.4 0.2 
Microbiology ............... 128 340 357 12.1 5.0 
Non-science categories 

Dt pcehennenneseeeceecees 38 4 386106—=—Sss« 113 12.9 6.6 
Sociology, general .......... 35 100 107 13.2 7.0 
Political science ............ 37 96 105 12.3 9.4 
Fine arts .................. 30 64 66 9.2 3.1 
History, general............. 31 68 73 10.0 7.4 


Notes: These data are from a data base of The Faxon Company, containing approximately 40,000 
domestic titles (1969) and 15,000 foreign titles (1989). The prices should be considered ap- 
proximate, since they are derived from Faxon's client mix, which consists of many types of libraries. 
Data show all science categories and a sample of non-science categories. 


SOURCE: P.R. Young, 1989. “Periodical Prices 1987-1989 Update.” Serials Librarian, 17: 11-37. 
Science & Engineering Indicators— 1989 
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Appendix table 5-17. Doctoral scientists and engineers in academic R&D, by field: 1977-87 


1977 1979 1981 1983 1985 1987 
Field Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Number 
Total scientists and engineers 93,781 84,669 9,112 98,096 87,294 10,802 110,046 96,004 14,042 113,345 97,797 15,548 120,691 102,731 17,960 154,586 130,089 24,497 
Total scientists .............. 83,932 74,908 9,024 87,370 76,703 10,667 99,414 85,534 13,880 100,283 84,964 15,319 107,544 89,916 17,628 135,527 111,533 23,994 
Physical scientists ......... 17,592 16,718 874 17,305 16,374 931 18,587 17,474 1,113 17,483 16,343 1,140 19,268 18002 1,266 22407 20,737 1,670 
Chemists .............. 8,969 8,310 659 9,123 8,430 693 9590 8,717 873 8613 7,756 857 9,765 8,836 929 11,340 10,153 1,182 
Physicists/astronomers 8,623 8,408 215 8,182 7,944 238 8997 8,757 240 8,870 8,587 283 9,503 9,166 337 11,067 10,594 483 
Mathematical scientists ..... 6,840 6,449 391 6,784 6,381 403 6,790 6,276 514 7,154 6602 552 6842 6,315 527 9,172 8,433 739 
Mathematicians ......... 6,092 5,744 348 5,804 5,464 340 5,819 5,413 406 5,962 5,548 414 5,803 5,366 437 7,689 7,055 634 
Statisticians ............ 748 705 43 980 917 63 971 863 108 1,192 1,054 138 1,039 949 90 1,483 1,378 105 
Computer/intormation 
specialists .............. 1,229 1,164 65 1,254 1,169 85 1,941 1,784 157. 2,294 2,100 194 2599 2,344 255 3,491 3,140 351 
Environmental scientists 4,392 4,212 180 4,080 3,864 216 4852 4,558 294 4676 4,400 276 5,246 4,870 376 6,348 5,827 521 
Earth scientists .......... 3,057 2,953 104 2,797 2,677 120 3,274 3,135 139 2946 2,804 142 3,423 3,219 204 4250 3,906 344 
Oceanographers ......... 730 692 38 650 583 67 849 739 110 855 766 89 978 849 129 1,159 1,034 125 
Atmospheric scientists 605 567 38 633 604 29 729 684 45 875 830 45 845 802 43 939 887 52 
Life scientists ............. 31,605 27,351 4,254 34624 29,220 5404 39,781 33,039 6,742 40,981 33,398 7,583 43,304 34,380 8924 51,918 40,875 11,043 
Biological scientists ...... 21,853 18,366 3,487 23,405 19,242 4,163 26,196 21,220 4,976 27,753 22,084 5,669 29,054 22404 6,650 34,138 26,629 7,508 
Agricultural scientists ..... 4,550 4,453 97 4445 4,334 111 5538 5,353 185 5,789 5,537 252 6,184 5,868 316 7,040 6,525 515 
Medical scientists ........ 5,202 4,532 670 6,774 5644 1,130 8047 6466 1,581 7,439 5,777 1,662 8066 6,108 1,958 10,740 7,721 3,019 
Psychologists ............. 7,458 6,009 1,449 7,883 6244 1639 9,174 6959 2215 9,072 6814 2,258 9248 6,781 2467 13,012 9,149 3,863 
Social scientists ........... 14,816 13,005 1,811 15.440 13,451 1,989 18289 15444 2845 18623 15.307 3,316 21,037 17,224 3,813 29,179 23,372 5,807 
Economists ............. 4,484 4,217 267 4,783 4,435 348 5618 5,249 369 6,256 5,724 532 6428 5,877 551 8362 7,431 881 
Sociologists/anthropologists 3,691 2,986 705 4,033 3,191 842 4,729 3,557 1,172 4493 3,149 1,344 5055 3,792 1,263 7,199 5145 2,054 
Other social scientists ..... 6,641 5,802 839 6,624 5,825 799 7,942 6638 1,304 7,874 6434 1,440 9554 7,555 1,999 13,618 1,746 2,872 
Engineers.................. 9,849 9,761 88 10,726 10,591 135 10,632 10,470 162 13,062 12,833 229 13,147 12,815 332 19,059 18,556 503 
Aeronautical/astronautical 447 437 10 627 621 6 541 538 3 734 726 8 525 511 14 775 762 13 
Chemical ................ 790 784 6 682 663 19 932 914 18 1,214 1,188 26 41,139 1,115 24 1629 #£«®1,577 52 
Pree 1,209 1,204 5 1,668 1,658 10 1,440 1,413 27 1,930 1,906 24 2,070 2,042 28 2,941 2,878 63 
ElectricaVelectronics ....... 1,927 1,923 4 1,681 1,661 20 2,050 2,025 25 2,287 2,255 32 2,269 2,205 64 3,275 3,198 77 
Materials ................. 932 920 12 1,091 1,065 26 =1,016 997 19 1,396 1,350 46 1,151 1,117 34 1582 1,511 71 
Mechanical ............... 1,203 1,195 8 1,167 1,162 5 1,186 1,178 8 1,484 1,471 13 1,810 1,786 24 2,797 2,748 49 
Nuclear.................. 400 397 3 669 659 10 437 430 7 567 559 8 428 425 3 455 443 6 
Systems design ........... 493 479 14 614 602 12 730 708 22 444 425 19 523 492 31 958 021 37 
Other ................... 2,448 2,422 26 2,527 2,500 27 2,300 2,267 33. 3,006 2,953 53 3,232 3,122 110 4647 4,512 135 
(continued) 
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Appendix table 5-17. (Continued) 


1977 1979 1981 1983 1985 1987 
Field Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
Percent' 
Total scientists and engineers 100.0 90.3 97 1000 890 11.0 1000 872 128 1000 863 13.7 100.0 85.1 149 1000 1000 100.0 
Total scientists .............. 895 89.2 10.8 891 878 12.2 90.3 86.0 14.0 885 84.7 15.3 89.1 83.6 16.4 87.7 82.3 17.7 
Physical scientists ......... 188 95.0 50 176 946 5.4 169 94.0 6.0 154 935 6.5 16.0 93.4 6.6 14.5 92.5 75 
Chemists .............. 96 92.7 7.3 93 92.4 7.6 87 909 9.1 76 90.0 10.0 8.1 90.5 95 7.3 89.5 10.5 
Physicists/astronomers 92 975 25 83 97.1 2.9 82 97.3 2.7 78 968 3.2 7.9 96.5 3.5 72 95.6 44 
Mathematical scientists ..... 73 ©6943 5.7 69 94.1 5.9 62 924 7.6 63 923 7.7 5.7 92.3 7.7 5.9 91.9 8.1 
Mathematicians ......... 65 943 5.7 59 94.1 5.9 53 93.0 7.0 53 93.1 6.9 48 92.5 75 5.0 91.8 8.2 
Statisticians ............ 08 943 5.7 10 93.6 6.4 09 889 11.1 1.1 88.4 11.6 0.9 91.3 8.7 1.0 92.9 7.1 
Computer/information 
specialists .............. 13 94.7 5.3 13 93.2 6.8 18 919 8.1 20 915 8.5 2.2 90.2 98 2.3 89.9 10.1 
Environmental scientists 47 959 4.1 42 947 5.3 44 939 6.1 41 941 5.9 43 92.8 7.2 4.1 91.8 8.2 
Earth scientists .......... 33 96.6 3.4 29 95.7 43 3.0 958 42 26 952 48 28 94.0 6.0 2.7 91.9 8.1 
Oceanographers......... 08 9348 5.2 0.7 89.7 10.3 08 87.0 13.0 08 89.6 10.4 08 86.8 13.2 0.7 89.2 10.8 
Atmospheric scientists 06 93.7 6.3 06 95.4 46 0.7 938 6.2 08 949 5.1 0.7 94.9 5.1 0.6 94.5 55 
Life scientists ............. 33.7 86.5 13.5 353 6844 15.6 36.1 83.1 16.9 36.2 815 18.5 35.9 79.4 20.6 33.6 78.7 213 
Biological scientists ...... 23.3 84.0 16.0 239 822 17.8 23.8 81.0 19.0 245 796 204 24.1 77.1 22.9 22.1 78.0 22.0 
Agricultural scientists ..... 49 97.9 2.1 45 975 2.5 50 96.7 3.3 5.1 95.6 44 5.1 94.9 5.1 46 92.7 7.3 
Medical scientists ........ 5.5 87.1 12.9 69 83.3 16.7 73 80.4 19.6 66 77.7 223 6.7 75.7 24.3 6.9 71.9 28.1 
Psychologists ............. 8.0 80.6 19.4 80 792 208 83 759 24.1 8.0 75.1 24.9 7.7 73.3 26.7 8.4 70.3 29.7 
Social scientists ........... 158 878 122 15.7 87.1 12.9 16.6 84.4 15.6 164 822 178 17.4 81.9 18.1 18.9 80.1 19.9 
Economists ............. 48 94.0 6.0 49 927 7.3 5.1 93.4 6.6 55 915 8.5 5.3 91.4 8.6 5.4 89.5 10.5 
Sociologists/anthropologists 3.9 80.9 19.1 4.1 79.1 20.9 43 752 24.8 40 70.1 29.9 42 75.0 25.0 4.7 71.5 28.5 
Other social scientists ..... 7.1 87.4 12.6 68 87.9 12.1 7.2 83.6 16.4 69 81.7 18.3 79 79.1 20.9 8.8 78.9 21.1 
Engineers .................. 105 99.1 09 109 98.7 13 97 985 15 115 982 1.8 10.9 97.5 25 12.3 97.4 26 
Aeronautical/astronautical 05 978 2.2 06 99.0 1.0 05 994 0.6 06 989 1.1 0.4 97.3 2.7 0.5 98.3 1.7 
Chemical ................ 08 99.2 0.8 0.7 972 2.8 08 98.1 1.9 1.1 97.9 2.1 0.9 97.9 2.1 1.1 96.8 3.2 
Mn 4450660694604004 6004 13 99.6 0.4 1.7 99.4 0.6 13 98.1 1.9 1.7 988 1.2 1.7 98.6 1.4 1.9 97.9 2.1 
ElectricaVelectronics ....... 2.1 99.8 0.2 1.7 988 1.2 19 988 1.2 2.0 98.6 1.4 1.9 97.2 28 2.1 97.6 2.4 
Materials................. 10 98.7 1.3 1.1 97.6 2.4 09 968.1 1.9 12 96.7 3.3 1.0 97.0 3.0 1.0 95.5 45 
Mechanical ............... 13 99.3 0.7 12 99.6 0.4 1.1 993 0.7 13 99.1 0.9 15 98.7 1.3 1.8 98.2 18 
Nuclear.................. 04 993 0.8 0.7 98.5 15 04 98.4 1.6 05 986 1.4 0.4 99.3 0.7 0.3 98.7 1.3 
Systems design ........... 05 97.2 2.8 0.6 98.0 2.0 0.7 97.0 3.0 04 95.7 43 0.4 94.1 5.9 0.6 96.1 3.9 
MT o066¢600%08000066s 26 98.9 1.1 26 98.9 1.1 2.1 98.6 1.4 2.7 98.2 1.8 2.7 96.6 3.4 3.0 97.1 2.9 


‘Percentages in “Total” columns are vertical percentages. Percentages in other columns are horizontal percentages. 
Note: Data are for doctoral scientists and engineers whose primary or secondary work activity is academic R&D. 
SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1989. 


See figures 5-4, 5-5, and 5-6. 
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Science & Engineering indicators— 1989 


Appendix table 5-18. Doctoral scientists and engineers employed in academic R&D, by field, race, ethnic group, and gender: 1977 and 1987 


Total employed White Black Asian Hispanic 
Field Total Male Female Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
——— Number ———— —Percent—- -——— Number Number Number Number ———— 
1977 

Total scientists and engineers ........ 93,781 84.669 9112 903 97 84,319 76.116 8203 768 637 131 5952 5273 679 934 855 73 
Total scientists .................... 83,932 74.908 9.024 892 108 76,035 67,901 8134 748 617 131 4843 4,181 662 865 788 77 
Physical scientists ............... 17,592 16.718 874 95.0 5. 15,685 14,959 726 128 111 () 1235 1,109 126 158 156 (") 
Chemists ..................... 8.969 8310 659 927 7.3 8,036 7,501 535 74 62 (*) 616 509 107 84 83 (") 
Physicists/astronomers .......... 8.623 8408 215 97.5 25 7,649 7,458 #«2191 54 49 (') 619 600 (") 74 73 (") 
Mathematical scientists .......... 6.840 6449 391 943 5.7 6,052 5,699 353 42 38 (") 461 427 34 61 61 0 
Mathematicians ................ 6,092 5744 348 943 5.7 5.383 5,070 313 42 38 (") 401 370 31 52 52 0 
Statisticians ................... 748 705 43 943 5.7 669 629 40 0 0 0 60 57 (") (") (") 0 
Computer/information specialists .... 1,229 1,164 65 947 5.3 1,054 995 59 0 0 0 140 134 (") (") (') 0 
Environmental scientists ........... 4392 4212 180 959 41 4,079 3,915 164 0 0 0 236 220 (") 60 55 (") 
Earth scientists ................ 3,057 2953 104 966 3.4 2,856 2,765 91 0 0 0 158 145 (*) 41 41 0 
Oceanographers ............... 730 692 38 «42948 5.2 682 647 35 0 0 0 24 21 (") (") (') 0 
Atmospheric scientists .......... 605 567 38 «93.7 6.3 541 503 38 0 0 0 ios pad 0 (") (') (") 
Life scientists ................... 31,605 27,351 4254 865 135 28,420 24681 3,739 306 252 54 2.128 1,718 410 391 358 33 
Biological scientists ............. 21,853 18,366 3,487 840 16.0 19,626 16,559 3,067 226 178 48 1448 1,124 324 246 223 23 
= Agricultural scientists ........... 4,550 4,453 97 97.9 2.1 4,191 4,109 82 33 33 0 244 229 (") 62 55 (") 
Medical scientists .............. 5,202 4532 670 87.1 12.9 4,603 4,013 590 47 41 (') 436 365 71 83 80 (") 
Psychologists ................... 7,458 6,009 1449 806 19.4 7,070 5,709 1,361 140 99 41 76 41 35 37 23 (") 
Social scientists ................. 14,816 13,005 1,811 878 122 13,675 11,943 1,732 132 117 (") 567 532 35 156 133 23 
Economists ................... 4484 4217 267 940 6.0 4,064 3,808 256 44 44 0 257 250 (") 44 40 (") 
Sociologists/anthropologists ...... 3,691 2986 705 809 #£19.1 3,437 2,769 668 33 (") (') 95 83 (") 58 43 (") 
Other social scientists ........... 6,641 5802 839 874 126 6,174 5366 808 55 54 (") 215 199 (") 54 50 (") 
nc cncnnecccegeccccsccees 9,849 9,761 88 99.1 0.9 8.284 8,215 69 20 20 0 1,109 1,092 (") 69 67 (") 
Aeronautical/astronautical ......... 447 437 10 978 2.2 388 380 (") 0 0 0 42 40 (") 0 0 0 
Chemical ...............2.2005.- 790 784 6 99.2 0.8 650 644 (") (') (") 0 100 100 0 (") (’) (") 
Sn: 20 bn onknesonn é00bseue ees 1,209 1,204 5 99.6 0.4 980 975 (") 0 0 0 180 180 0 (") (') 0 
ElectricalV/electronics .............. 1,927 1,923 4 998 0.2 1,653 1,650 (") (") (") 0 193 192 (") 0 0 0 
Materials .....................4.. 932 920 12 98.7 1.3 740 730 (") 0 0 0 138 136 (") 0 0 0 
Mechanical ..................... 1,203 1,195 8 99.3 0.7 982 980 (") 0 0 0 209 205 (") 20 20 0 
Nuclear ...................0255. 400 397 3 993 0.8 389 387 (") 0 0 0 (") 0 (") (') (") (") 
Systems design ................. 493 479 14 97.2 28 432 420 (") 0 0 0 36 34 (") (") (") {") 
SED o6eeece0o50se50056000%85 2,448 2,422 26 98.9 1.1 2,070 2,049 21 0 0 0 210 205 (") (") (") (") 
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Appendix table 5-18. (Continued) 


Total employed White Black Asian Hisparuc 
Field Total Male Female Male Female Total Male Female Total Male Female Total Male Female Total Male Female 
——— Number————- _ —Percent— ——— Number Number Number Number ——— 
1987 
Total scientists and engineers ........ 154,586 130,089 24497 842 15.8 137,278 115,519 21,759 2,111 1,492 619 13,843 11,868 1975 2702 2247 455 
Total scientists .................. 135,527 111,533 23,994 823 17.7 121,834 100,493 21,341 1,992 1,381 611 10,462 8563 1899 2317 1873 sos 
Physical scientists ............... 22,407 20.737 1,670 925 /5 19848 18489 1,359 192 171 () 2179 1897 282 SOS 336 48 
Chemists .................... 11,340 10,153 1,187 895 105 10,152 9,189 963 146 127 (") 986 788 198 199 162 37 
Physicists/astronomers ......... 11,067 10,584 483 956 44 9696 9,300 396 46 44 (") 1,193 1,109 84 185 174 (") 
Mathematical scientists ........... 9.172 8433 738 919 8.1 8.069 7,466 603 62 49 (") 995 877 118 147 128 (") 
Mathematicians ............... 7,689 7,055 634 918 82 6.889 6,354 535 56 47 (") 698 613 85 124 107 (") 
Statisticians .................. 1,483 1,378 105 929 7.1 1,180 1,112 68 (") (") (") 297 264 33 23 21 {") 
Computer/information specialists .. . . 3,491 3,140 351 89.9 10.1 3,047 2,729 318 (") (") (’) 348 316 32 38 28 (") 
Environmental scientists .......... 6.348 5827 521 918 8.2 5,969 5,510 459 30 27 (") 331 276 55 117 115 (") 
Earth scientists ................ 4.250 3,906 344 919 8.1 3,945 3,647 298 24 21 (") 263 224 39 70 68 (") 
Oceanographers .............. 1,159 1,034 125 892 10.8 1.115 1,003 112 (") (") (") 42 29 (') 30 30 0 
Atmospheric scientists .......... 939 887 52 945 55 909 860 49 (") (") (") 26 23 (") (') (") 0 
Life scientists ................. .. §1,918 40,875 11,043 78.7 213 46,364 36652 9,712 736 521 215 4456 3,412 1,044 817 649 168 
Biological scientists ............ 34,138 26,629 7,509 78.0 220 30,595 24024 6,571 459 348 111 2,857 2,075 782 aos 352 #102 
5 Agricultural scientists ........... 7,040 6,525 515 927 7.3 6,561 6,105 456 97 86 (") 347 301 46 163 147 (") 
Medical scientists .............. 10,740 7,721 3,019 719 28.1 9.208 6523 2,685 180 87 93 1.252 1036 216 200 150 50 
Psychologists ................... 13,012 9,149 3,863 703 29.7 12295 8,725 3,570 230 92 138 319 182 137 202 129 73 
Social scientists ................. 29,179 23,372 5,807 80.1 199 26242 20922 5,320 736 516 220 1,834 1603 231 612 488 124 
ED. cccuscpecéeseusees 8.362 7,481 881 89.5 10.5 7,424 6,640 784 107 BS 23 739 673 66 220 191 29 
Sociologists/anthropologists ...... 7,199 5145 2054 715 28.5 6548 4660 1888 243 147 96 332 278 54 123 85 38 
Other social scientists .......... 13,618 10,746 2872 789 21.1 12,270 9,622 2648 386 285 101 763 652 111 269 212 57 
ED Scrccgdeewceessseedeses 19,059 18,556 503 97.4 26 15,444 15,026 418 119 111 () 3,381 3,305 76 385 374 (') 
AeronauticaVastronautical ......... 775 762 (‘) 98.3 (') 610 599 (") 0 0 0 165 163 (") (’) (’) 0 
Chemical ...... 2... 0 eee ee eee 1629 1,577 52 968 3.2 1,045 1,005 40 0 0 0 576 564 (") 64 63 (‘) 
DD ccnsnsnebeseseseencvesecks 2,941 2,878 63 97.9 2.1 2,586 2,534 52 (") (") (’) 338 329 (') 58 58 0 
ElectricaVelectronics ............. 3.275 3,198 77 976 2.4 2,492 2,432 60 34 31 (") 725 711 (") 78 78 0 
DD .¢s6500606606004604660% 1,582 1,511 71 955 45 1,437 1,379 58 0 0 0 124 112 (") 60 55 (") 
Mechanical... ..... 2... cece 2,797 2,748 49 98.2 1.8 2.138 2,098 40 (") 0 (") 610 602 (") (") (") 0 
DEED cnuscbseesedscsecenenes 455 449 (") 98.7 (') 436 430 (") (") (") 0 (') (") i (") (") 0 
Systems design ................. 958 921 37 «(96.1 3.9 938 906 32 0 0 0 20 (") (, 0 0 0 
EEE dcvcccenecec'seeedesesess 4,647 4512 135 97.1 29 3,762 3,643 119 77 75 (") 808 794 (') 93 91 (') 
‘Fewer than 20 individuals. 


Notes: Data are for doctoral scientists and engineers with primary or secondary work activity in academic R&D. Hispanics are found in all racial groups. and. therefore, are not separately added into totals 
SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1989. 


See figure 5-7. 
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Appendix table 5-19. Doctoral scientists and engineers emioyed in basic research, by field and sector: 1977 and 1987 


4-year Hospitals 4-year Hospitals 
Total Business/ colleges and Federal Other/ Total Business/ colleges and Federal Other/ 
Field employed industry anduniv. clinics Nonprofit Gov't noreport employed industry anduniv. clinics Nonprofit Gov't no report 
Number Percent 

1977 
Total scientists and engineers ...... 88,320 9,014 66,376 1,281 3,194 6,850 1,605 100.0 10.2 75.2 1.5 3.6 78 1.8 
Total scientists .................. 83,214 7,720 63,148 1,281 3,052 6,428 1,585 94.2 9.3 75.9 1.5 3.7 7.7 1.9 
Physical scientists ............. 23,577 5,264 15,045 142 1,025 1,825 276 26.7 22.3 63.8 0.6 4.3 7.7 1.2 
Chemists .................. 13,562 3,895 8,130 142 405 839 151 15.4 28.7 59.9 1.0 3.0 6.2 1.1 
Physicists/astronomers ........ 10,015 1,369 6,915 (") 620 986 125 11.3 13.7 69.0 (*) 6.2 98 1.2 
Mathematical scientists ......... 6,274 184 5,850 (") 72 94 74 7.1 2.9 93.2 (") 1.1 15 1.2 
Mathematicians ............. 5,721 147 5,353 (') 60 87 74 6.5 2.6 93.6 (") 1.0 1.5 1.3 
Statisticians ................ 553 37 497 (") 12 7 0 0.6 6.7 89.9 (") 2.2 1.3 0.0 
Computer/information specialists . . 761 153 538 (") 25 21 24 0.9 20.1 70.7 (*) 3.3 2.8 3.2 
Environmental scientists ........ 4,985 399 3,245 (") 179 1,025 137 5.6 8.0 65.1 (") 3.6 20.6 2.7 
Earth scientists .............. 3,417 352 2,227 (") 89 668 81 3.9 10.3 65.2 (") 2.6 19.5 2.4 
Oceanographers.... ........ 850 2 636 (') 15 167 30 1.0 0.2 74.8 (") 1.8 19.6 3.5 
Atmospheric scientists . ...... 718 45 382 (") 75 190 26 0.8 6.3 53.2 (") 10.4 26.5 3.6 
Life scientists ................. 31,766 1,382 24,506 937 1,381 2,835 725 36.0 44 77.1 2.9 43 8.9 2.3 
Biological scientists .......... 24,641 861 19,480 678 1,156 1,971 495 27.9 3.5 79.1 2.8 4.7 8.0 2.0 
Agricultural scientists ......... 2,299 115 1,439 11 15 642 77 2.6 5.0 62.6 0.5 0.7 27.9 3.3 
Medical scientists ............ 4,826 406 3,587 248 210 222 153 5.5 8.4 74.3 5.1 44 46 3.2 
Psychologists ................. 5,755 197 4,982 202 65 145 164 6.5 3.4 86.6 3.5 1.1 25 2.8 
Social scientists ............... 10,096 141 8,982 (*) 305 483 185 11.4 1.4 89.0 (") 3.0 48 1.8 
Economists ................. 2,175 78 1,785 (") 42 218 52 2.5 3.6 82.1 (") 1.9 10.0 2.4 
Sociologists/anthropologists . . 3,041 2 2,781 (") 129 49 80 3.4 0.1 91.5 {*) 42 1.6 2.6 
Other social scientists ......... 4,880 61 4,416 (") 134 216 53 5.5 1.3 90.5 (‘) 2.7 44 1.1 
Nn 00000065600 060 00.0500% 5,106 1,294 3,228 (') 142 422 20 5.8 25.3 63.2 (") 2.8 8.3 0.4 
Aeronautical/astronautical ....... 314 62 170 (") (") 64 18 0.4 19.7 54.1 (") (') 20.4 5.7 
Chemical .................... 676 206 402 (") 33 33 2 0.8 30.5 59.5 (") 4.9 49 0.3 
Civil .. 2... ee eee eee 268 18 226 (") (") 24 0 0.3 6.7 84.3 (") (") 9.0 0.0 
ElectricaVelectronics ........... 705 178 464 (") 25 38 0 08 25.2 65.8 (") 3.5 5.4 0.0 
Materials ..................... 1,040 409 542 (") (") 89 0 1.2 39.3 52.1 (") (") 8.6 0.0 
Mechanical ................... 537 112 369 (*) 29 27 0 0.6 20.9 68.7 (") 5.4 5.0 0.0 
eee 184 57 117 (") 10 (') 0 0.2 31.0 63.6 (‘) 5.4 (‘) 0.0 
Systems design ............... 188 2 169 (") (") 17 0 0.2 1.1 89.9 (") (") 9.0 0.0 
ED cvesceeeneredenkecsenks 1,194 250 769 (") 45 130 0 1.4 20.9 64.4 (") 3.8 10.9 0.0 
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Appendix table 5-19. (Continued) 


4-year Hospitals 4-year Hospitals 
Total Business/ colleges and Federal Other/ Total Business/ colleges and Federal Other/ 
Field employed industry anduniv. clinics Nonprofit Gov't no report employed industry anduniv. clinics Nonprofit Gov't no report 
Number Percent 
1987 
Total scientists and engineers ...... 133,345 11,518 104,776 1,026 4,727 8904 2,394 100.0 8.6 78.6 0.8 3.5 6.7 1.8 
Total scientists .................. 123,952 9,715 98,214 1,026 4454 8173 2,370 93.0 78 79.2 0.8 3.6 6.6 1.9 
Physical scientists ............. 26,786 4,971 18,699 38 985 1,932 161 20.1 18.6 69.8 0.1 3.7 7.2 0.6 
Chemists .................. 14,195 3,215 9,687 38 307 819 129 10.6 22.6 68.2 0.3 2.2 5.8 0.9 
Physicists/astronomers ........ 12,591 1,756 9,012 (") 678 1,113 32 9.4 13.9 71.6 (") 5.4 8.8 0.3 
Mathematical scientists ......... 8,436 90 7,968 (‘) 2 189 187 6.3 1.1 94.5 (") 0.0 2.2 2.2 
Mathematicians ............. 7,358 83 6,935 (") 2 151 187 5.5 1.1 94.3 (") 0.0 2.1 25 
Statisticians ................ 1,078 7 1,033 (") (") 38 0 0.8 0.6 95.8 (") (") 3.5 0.0 
Computer/information specialists 2,774 705 1,896 (") 116 42 15 2.1 25.4 68.3 (") 42 1.5 0.5 
Environmental scientists ........ 7,294 485 4,888 (") 361 1,381 179 5.5 6.6 67.0 (") 49 18.9 2.5 
Earth scientists .............. 4,919 396 3,283 (") 111 966 163 3.7 8.1 66.7 (") 2.3 19.6 3.3 
Oceanographers............. 1,341 32 959 (") 112 238 0 1.0 2.4 71.5 (‘) 8.4 17.7 0.0 
Atmospheric scientists ........ 1,034 57 646 (") 138 177 16 0.8 5.5 62.5 (") 13.3 17.1 1.5 
Life scientists ................. 49,169 3,117 37,980 835 2,232 4,249 756 36.9 6.3 77.2 1.7 45 8.6 1.5 
Ss Biological scientists .......... 38,216 2,276 30,004 510 1,910 2,917 599 28.7 6.0 78.5 1.3 5.0 76 1.6 
Agricultural scientists ......... 3,298 248 1,975 (") 30 976 69 2.5 75 59.9 (") 0.9 29.6 2.1 
Medical scientists ............ 7,655 593 6,001 325 292 356 88 5.7 7.7 78.4 4.2 3.8 4.7 1.1 
Psychologists ................. 9,147 171 8,143 122 157 260 294 6.9 1.9 89.0 1.3 1.7 28 3.2 
Social scientists ............... 20,346 176 18,640 31 601 120 778 15.3 0.9 91.6 0.2 3.0 0.6 3.8 
Economists ................. 4,253 33 3,910 (") 81 62 167 3.2 0.8 91.9 (") 1.9 1.5 3.9 
Sociologists/anthropologists .... 5,830 18 5,481 31 122 5 173 4.4 0.3 94.0 0.5 2.1 0.1 3.0 
Other social scientists ......... 10,263 125 9,249 (") 398 53 438 7.7 1.2 90.1 (") 3.9 0.5 43 
Engineers ...................0.. 9,393 1,803 6,562 (") 273 731 24 7.0 19.2 69.9 (") 29 7.8 0.3 
Aeronautical/astronautical ....... 694 75 470 (") 2 147 0 0.5 10.8 67.7 (") 0.3 21.2 0.0 
i eee 1,119 271 816 (") 29 3 0 0.8 24.2 72.9 (") 2.6 0.3 0.0 
ME £94-6546400566406646000454 741 12 680 (‘) (') 46 3 0.6 1.6 91.8 (") (") 6.2 0.4 
ElectricaVelectronics ........... 1,660 183 1,428 (') 8 41 0 1.2 11.0 86.0 (") 0.5 2.5 0.0 
eee 1,724 627 717 (") 115 265 0 1.3 36.4 41.6 (") 6.7 15.4 0.0 
Mechanical ................... 856 177 652 (") 7 12 8 0.6 20.7 76.2 (‘) 0.8 1.4 0.9 
SE 66.5.5 60 san4eenaseesees 172 33 132 (*) (') (') 7 0.1 19.2 76.7 (*) (*) (") 4.1 
Systems design ............... 280 18 260 (") 2 (') 0 0.2 6.4 92.9 (‘) 0.7 (") 0.0 
MED 6.c6s06s005040650050605 2,147 407 1,407 (’) 110 217 6 16 19.0 65.5 (") 5.1 10.1 0.3 
‘These categories have fewer than 20 individuals. 
Note: Researchers wure counted if they said on the Survey of Doctorate Recipients that their primary or secondary work activity was basic research. 
SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1989. 
See figure 5-8. | Sxience & Engineering indicators— 1989 
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Appendix table 5-20. Doctoral scientists and engineers employed in basic research, by sector, race, ethnic group, and gender: 1977 and 1987 


Total American Total American 
Employment sector employed White Black indian Asian Other Hispanic employed White Black Indian Asian Other Hispanic 
Number ——Percent? nome — 
1977 
Alisectors ....................... 88,320 78,988 732 63 6,041 2,496 922 100.0 89.4 0.8 0.1 6.8 2.8 1.0 
Male .......................... 79,154 70,798 598 57 5,305 2,396 854 89.6 89.6 81.7 90.5 87.8 96.0 92.6 
Female ........................ 9,166 8,190 134 (") 736 90 68 10.4 10.4 18.3 (’) 12.2 3.6 7.4 
NE oo oo eee cedeee deve sadveeuees 9,014 7,829 61 (") 927 193 59 100.0 86.9 0.7 (") 10.3 2.1 0.7 
Male .......................... 8,549 7,427 55 (") 875 188 59 94.8 94.9 90.2 (") 94.4 97.4 100.0 
Female ........................ 465 402 (") 0 52 (") 0 5.2 5.1 (") (') 5.6 (') 0.0 
4-year colleges and universities ....... 66.376 59,603 559 56 4,212 1,946 713 100.0 89.8 0.8 0.1 6.3 2.9 1.1 
UE gw ened ede ee sees 24 59,086 53,045 458 50 3,665 1,868 653 89.0 89.0 81.9 89.3 87.0 96.0 91.6 
ED svn weven deen ee whanuswus 7,290 6,558 101 (") 547 74 60 11.0 11.0 18.1 (") 13.0 3.8 8.4 
Hospitals/clinics ................... 1,281 1,079 0 0 170 32 (") 100.0 84.2 0.0 0.0 13.3 2.5 (") 
Male .......................... 1,095 916 0 0 147 32 (") 85.5 84.9 0.0 0.0 86.5 100.0 (") 
Female ........................ 186 163 0 0 23 0 (") 14.5 15.1 0.0 0.0 13.5 0.0 (") 
Nonprofit institutions ............... 3,194 2,826 (') (') 269 88 50 100.0 88.5 (") (") 8.4 28 1.6 
BE i 6s oscansewkevedu wa ewes uke 2,675 2,350 (') (") 233 82 48 83.8 83.2 (") (") 86.6 93.2 96.0 
SEY 6 os-n ene ee adawaeuecensess 519 476 (") 0 36 (") (") 16.2 16.8 (") (") 13.4 (") (") 
Federal Government ............... 6,850 6,258 85 0 355 146 83 100.0 91.4 1.2 0.0 5.2 2.1 1.2 
Pere rr ere Tre 6,350 5,853 61 0 295 141 79 92.7 93.5 71.8 0.0 83.1 96.6 95.2 
Female ........................ 500 405 24 0 60 (") (") 7.3 6.5 28.2 0.0 16.9 (') (") 
State and local governments ......... 601 530 0 (') 44 24 0 100.0 88.2 0.0 (') 7.3 4.0 0.0 
er er ee 518 452 0 (') 39 24 0 86.2 85.3 0.0 (') 88.6 100.0 0.0 
PED 55445 ieshenseenweneness 83 78 0 0 0 0 13.8 14.7 0.0 (") 0.0 0.0 0.0 
SE 6b acecasscndstuwadaceredces 60 43 (") 0 0 0 0 100.0 71.7 (") 0.0 0.0 0.0 0.0 
— ee rrr rere 50 35 (") 0 0 0 0 83.3 81.4 (") 0.0 0.0 0.0 0.0 
ae (") {") (") 0 0 0 0 (*) (") (") 0.0 0.0 0.C 0.0 
(continued) - a _ 
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Appendix table 5-20. (Continued) 


Total Americar Total American 


Employment sector employed White Black Indian Asian Other Hispanic employed White Black Indian Asian Other Hispanic 
Number ——Percent? — 
1987 
Alisectors ....................... 133,345 117,688 1,693 181 12,830 953 2,324 100.0 88.3 1.3 0.1 9.6 0.7 1.7 
Male .......................... 111,853 98677 1,277 158 10,870 853 1,959 83.9 83.8 75.4 87.3 84.7 89.5 84.3 
Female ................-....... 21,492 19,011 416 23 1,960 73 365 16.1 16.2 246 12.7 15.3 77 15.7 
POND ices iseceuveveneeeuus cs 11,518 9,625 112 22 1,616 143 188 100.0 83.6 1.0 0.2 14.0 1.2 1.6 
Male .....................-.... 10,082 8,393 100 20 1,430 139 167 87.5 87.2 89.3 90.9 88.5 97.2 88.8 
Female ....................2.... 1,436 1,232 (') (") 186 (') 21 12.5 12.8 (") (") 11.5 (") 11.2 
4-year colleges and universities ....... 104,776 92,580 1,304 137 9,973 782 =: 1,740 100.0 88.4 1.2 0.1 9.5 0.7 1.7 
MN £6565 utd 5 4KG0 Ss Sh ewes cease 87,431 77,191 957 116 8,452 699 1,439 83.4 83.4 73.4 84.7 84.7 89.4 82.7 
Female ........................ 17,345 15,389 347 21 1,521 61 301 16.6 16.6 26.6 15.3 15.3 78 17.3 
Hospitals/clinics ................... 1,026 917 (") 0 101 (") (") 100.0 89.4 (") 0.0 9.8 (") (") 
OD p66 eer kc enue an sews ae das 849 768 0 0 76 (") (") 82.7 83.8 (") 0.0 75.2 (") (") 
Female ........................ 177 149 (") 0 25 0 (") 17.3 16.2 (") 0.0 248 (") (") 
Nonprofit institutions ............... 4,727 4,194 52 (") 463 (') 55 100.0 88.7 1.1 (') 98 (") 1.2 
ree 3,690 3,295 31 (") 348 (") 47 78.1 78.6 59.6 (") 75.2 (") 85.5 
0 ee 1,037 899 21 (") 115 (') (') 21.9 21.4 40.4 (") 24.8 (") (") 
Federal Government ............... 8,904 8,126 188 (") 575 (") 291 100.0 91.3 2.1 (") 6.5 (') 3.3 
BD c65 6te5snduaeannedensecaee 7,817 7,161 159 (") 487 (") 265 87.8 88.1 84.6 (") 84.7 (") 91.1 
Female .................-....... 1,087 965 29 0 88 (") 26 12.2 11.9 15.4 (") 15.3 (") 8.9 
State and local governments ......... 743 711 (") 0 28 (") (") 100.0 95.7 (") 0.0 38 (") (") 
Male ...............2022 000 ee. 626 611 0 0 (") 0 (") 84.3 85.9 (") 0.0 (") (") (') 
ee 117 100 (') 0 (") (") 0 15.7 14.1 (") 0.0 (') (*) (') 
Pr rere re ere er re reer 139 137 0 0 (") 0 (") 100.0 98.6 0.0 0.0 (') 0.0 (") 
Male ..................0220005. 126 124 0 0 (") 0 0 90.6 90.5 0.0 0.0 (") 0.0 (") 
SPECT eT er TTT Ter errr re (") (*) 0 0 0 0 (") 0.0 (") 0.0 0.0 (") 0.0 (‘) 


'These categories contain fewer than 20 individuals. 
2The first row for each sector contains horizontal percentages. The next two rows are vertical percentages, showing the percentages of males and of females within each employment sector by racial/ethnic group 
Notes: Researchers are counted if they said on their Survey of Doctorate Recipients form that their primary or secondary work activity was basic research. Hispanics are present in various racial groups: therefore. they are 
not separately added into the total. 
SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1989. 
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Appendix tabie 5-21. Proportion of doctoral researchers who remained employed in a sector, for selected time intervais 


between 1973 and 1987 
4-year colleges and Federal 
Total’ universities Business/industry Nonprofit Government 
time Maile Female Maile Female Maile Female Maile Female Male Female 
years Percent retained in same sector 
1973-75 ..... 2 91 86 34 90 95 83 65 59 80 77 
1975-77 ..... 2 92 88 Ss 90 96 93 69 66 88 74 
1977-79 ..... 2 91 86 92 88 95 91 73 65 88 74 
1979-81 ..... 2 92 88 93 91 95 84 74 72 91 79 
1981-83 ..... 2 92 85 93 88 34 88 62 61 92 78 
1983-85 ..... 2 92 88 93 90 93 86 68 70 87 84 
1985-87 ..... 2 92 87 94 89 91 88 76 64 88 80 
Average ..... 2 92 87 93 90 44 87 70 65 88 78 
1973-77 ..... 4 87 82 90 87 91 78 54 45 74 67 
1983-87 ..... 4 87 82 90 85 85 78 62 55 77 72 
1973-83 ..... 10 81 71 85 76 86 59 40 48 67 58 
1977-87 ..... 10 77 72 80 75 79 73 32 33 70 66 
1973-87 ..... 14 74 66 79 71 77 47 31 33 56 60 


Notes: Data are for doctoral scientists and engineers whose primary or secondary work activity was nonacademic basic research or academic R&D during the initia! year of 
an interval, and who also responded at the end of the interval. There were 15,000 matched respondents for 1973-75, 6,000 of them also responded in both 1973 and 1987. 
Partly because of changing sampling strategies, response rates over different time intervals are not readily compared. Percentages for women are unstabie in some categones 


that have had low numbers of women, such as business/industry during the 1970s. 


SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1988. 


See figure 5-9. 
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Appendix table 5-22. Proportion of doctoral scientists and engineers who remained employed in research for selected time intervals between 1973 and 1987 


Computer/ 
Scientists and Physical Mathematical _ information Environmental Social 
engineers Scientists scientists scientists specialists scientists Life scientists scientists Engineers 
Elapsed 
time Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female Male Female 
years F ercent 
1973-75 .......... 2 80 79 80 79 80 75 82 80 77 71 80 80 84 84 75 75 76 86 
1975-77 .......... 2 71 69 72 69 73 66 72 57 68 73 75 79 77 77 59 54 67 67 
1977-79 .......... 2 74 72 75 72 74 73 78 68 57 75 73 78 80 80 61 53 65 63 
1979-81 ......... 2 78 77 79 77 80 79 75 72 74 74 78 87 85 83 65 65 71 71 
1981-83 .......... 2 74 73 74 73 72 72 74 66 64 57 76 69 82 81 60 60 75 74 
1983-65 .......... 2 75 74 75 74 76 72 74 65 64 64 78 78 80 82 64 63 71 70 
1985-87 .......... 2 83 81 83 81 79 78 86 77 74 78 85 81 86 86 80 74 83 82 
1973-77 .......... 4 65 61 66 60 66 55 66 57 67 59 68 69 72 69 52 44 60 81 
1983-87 .......... 4 78 75 77 75 74 68 79 63 69 69 78 77 80 79 75 74 78 75 
1973-63 .......... 10 58 51 58 51 56 52 54 50 57 59 59 59 64 57 48 46 52 60 
1977-87 .......... 10 66 63 66 63 61 62 71 57 63 59 69 72 70 66 59 56 62 58 
1973-67 .......... 14 60 55 61 55 57 50 64 55 58 62 61 66 62 58 58 55 58 61 


Note: Data are for doctoral scientists and engineers whose primary or secondary work activity was nonacademic basic research or academic R&D during the intial year of an interval, and who also responded at the end of 
the interval. There were 15,000 matched respondents for 1973-75; 6,000 of them also responded in both 1973 and 1987. Partly because of changing sampling strategies. response rates over different time intervals are not 
readily compared. 
SOURCE: National Research Council, Survey of Doctorate Recipients data base, special tabulations for NSF, 1988. 
See text table 5-4. 
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Appendix table 5-23. U.S. and worid scientific and technical articles, by field: 1973-86 


Fieid' 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
U.S. articles as a percent of all articles 
er 38 38 37 37 37 37 37 37 36 35 35 35 36 
Clinical medicine ........ 43 43 43 43 43 43 43 43 41 41 40 41 40 40 
Biomedicine ............ 39 38 39 39 39 39 40 40 40 40 39 39 38 38 
Biology ............-... 46 46 45 44 42 42 43 42 38 38 38 37 37 38 
Chemistry ............. 23 22 22 22 22 21 21 21 20 21 20 21 21 22 
Physics ............... 33 33 32 31 30 31 30 30 29 28 28 27 29 30 
Earth/space sciences ... 47 47 as 46 45 45 45 42 43 42 42 41 43 43 
Engineering/ftechnology - . 42 42 41 41 40 39 41 39 41 41 41 40 39 37 
Mathematics ........... 48 46 44 43 41 40 40 40 38 39 38 37 38 40 
Number of U.S. articles 

Alifields ................. 103,777 100,066 97.278 99,970 97.854 99.207 99.377 98394 132278 133.623 132.415 131,111 137.771 137.770 
Clinical medicine ........ 32,638 31,691 31,334 32,920 33,516 34,966 33.975 34612 48072 48530 48.055 48.735 50595 50.637 
Biomedicine ............ 16,115 15,607 15,901 16,271 16.197 16,611 17,649 17582 21847 22,732 22,496 22196 24,461 24,765 
Biology ................ 11,150 10,700 10400 10,573 9,904 9,663 10,553 9,594 14,740 14,974 14.216 14,166 13,083 13,000 

“ Chemistry ............. 10,474 9.867 9,222 9,337 8.852 9,266 9,182 9,250 10,880 11,758 11,010 11,137 11,585 12,313 
“ 0 eer 11,721 11,945 11,363 11,502 10,995 11,015 10,995 11,415 13,053 13,255 13,021 12,691 15.903 16,360 
Earth/space sciences ___. 5,591 5,371 4,975 5,537 5.197 5,043 5.167 4,832 7,257 7,057 6.862 6.748 7,663 7,811 
Engineering/technology .. . 11,955 11,088 10,431 10,346 10,081 9,694 9.018 8,461 12,486 11,619 13,105 11,976 10,822 9.775 
Mathematics ........... 4,134 3,797 3,652 3,484 3,112 2,949 2,838 2,648 3,943 3,697 3,648 3,462 3.659 3.109 

Number of all articles 

Alifields ................. 271,513 265.130 260,908 267.354 263,700 270.128 267.953 269556 368934 371759 373.550 369.930 389845 387.027 
Clinical medicine ........ 76,209 74,509 73,485 6,599 77,597 81,207 78.827 80533 116371 118186 119.325 119.094 125532 126.463 
Biomedicine ............ 41,155 40632 41,244 41,891 41.388 42,968 43.631 44,267 55303 57203 57.289 56.223 64.717 164550 
Biology ................ 24.047 23,414 23,260 23,905 23.757 23,176 24.734 22.838 39232 39025 37.788 38.093 34 896 34,127 
Chemistry ............. 45.004 44529 42502 42,773 40,734 43,850 43.273 44448 54432 55381 54.186 54117 55.268 55.558 
eee 35,864 35.708 35.104 36,902 36,057 35,815 36,700 37,944 45561 47229 46.902 46 450 54044 54.056 
Earth/space sciences .__ . 11,97, 11,479 11,356 12,011 11,531 11,224 11,596 11,395 16991 16660 16.508 16.334 17,834 18.351 
Engineering/technology __ . 28.617 26600 25664 25,146 25.063 24588 22.182 21,459 30710 28602 32.073 30.310 28.004 26.201 
Mathematics ........... 8,639 8,259 8,293 8,127 7,573 7,298 7,011 6,673 10334 9474 9.478 9.309 9.551 7.722 


‘See appendix table 5-24 for the subfields included in these fiekis. 

Notes: When an article is written by researchers trom more than one country. that article is prorated across the number of author institutons in each country Thus. ¢ a given article has authors trom two insttubons in France 
and from one institution in the United States. it is counted as two-thirds of a French article and one-third of aU S article Detail may not add to total because of rounding 

Data for 1973-80 are based on the articles, notes, and reviews in over 2,100 of the influential journals carned on the 1973 Science Citation index Corporate Tapes of the Institute for Scentific Information. 1981 86 data are 
based on over 3.200 journals on the 1981 Science Citation index Corporate Tapes. 


SOURCE: Computer Horizons. inc.. Science & Engineering indicators Literature Data Base. 1988 
See text table O-1 in Overview. Science & Engineenng indicators— 1989 


Appendix tabie 5-24. U.S. and world scientific and technical publications, by 


field and subfield: 1986 
U.S. asa 
U.S. Worid percentage 
Publications Publications of the worid 
Field and subfield Number Number Percent 
WO og oc kee be ka denen eee ae cueedeuses 137,770 387,027 35.6 
Clinical medicine ........................ 50,637 126,463 40.0 
General and internal medicine ........... 5,406 16,136 33.5 
Allergy ...............2..220-00-000-- 325 820 39.6 
Anesthesiology ....................... 446 1,425 31.3 
NS ooo ceecsbesectakewteneensaded 2,916 6,691 43.6 
Cardiovascular system ................. 2,122 4,949 42.9 
Dentistry .................0.2.02200-. 1,154 2,613 44.2 
Dermatology and venereal diseases ....... 948 2,938 32.3 
Endocrinology ........................ 1,788 4,791 37.3 
Fertility...... puvnsusaeeunoerayeecwes+ 571 1,321 43.2 
Gastroenterology ...................... 710 2,222 30.€ 
Geriatrics ................0.2.0-0204.- 373 609 61.3 
Hematology ....... (eeuecivkeeanee seks 1,023 2,858 35.8 
ee eee 3,997 9,303 43.0 
Obstetrics and gynecology .............. 1,057 2,459 43.0 
Neurology and neurosurgery............. 5,465 12,747 42.9 
Ophthalmology ....................... i249 2,653 47.1 
ED ioc 05 $04. 0ks Vea w ek eee RES ES $19 1,196 43.4 
Arthritis and rheumatism ................ 301 915 32.9 
Otorhinolaryngology ................... 858 1,504 57.0 
Pathology ............... 00 cee eee eeee 1,068 2,982 35.8 
ED. ced ene ved kudensendeneneens 1,182 2,858 41.3 
Pharmacology ..................000005 4,704 14,022 33.5 
Pharmacy ..............0 00 cece eeeee 536 2,753 19.5 
Psychiatry ....... 2.2... 00. cc eee eee ; 1,381 2,562 53.9 
Radiology and nuclear medicine .......... 2,634 5,221 50.4 
Respiratory system .................4.. 819 1,866 43.9 
Surgery ... 0... cee ee eee 2,379 4,641 51.3 
Tropical medicine .................000. 141 772 18.3 
SEE 656 44 eawa de ceas eenteesne yeeess 801 1,636 49.0 
Nephrology ..............06 ccc eee e eee 265 724 36.6 
Veterinary medicine ................... 1,857 5,183 35.8 
Addictive diseases .................... 276 476 58.0 
Hygiene and public health............... 1,071 2,060 52.0 
Miscellaneous Clinical medicine .......... 295 458 64.5 
Biomedical research .................05.. 24,765 64,550 38.4 
an. ... FRETRERUCCET TCE TT ere Tere 2,299 4,801 47.9 
Anatomy and morphology ............... 253 823 30.7 
Embryology .............0 00. c cece ee. 198 669 29.6 
Genetics and heredity .................. 1,627 4,537 35.9 
Nutrition and dietetics .................. 797 1,507 52.9 
Biochemistry and molecular biology ....... 8,872 22,443 39.5 
DEED 66-65 eibsepesdeevsecnaseue as 435 1,151 37.8 
Cell biology, cytology, and histology ....... 1,675 4,681 35.8 
Microbiology .... 2.2.6... 0. cece eee 1,603 4,949 32.4 
PPE TeveeTeeereTeTTerr rer ye £14 2,083 39.1 
Parasitology ............. cece eee eeee 446 1,393 32.0 
Biomedical engineering ................. 491 1,729 28.4 
SE ot ones kanedessecatesinseis 158 428 37.0 
Miscellaneous biomedicine .............. 486 1,134 42.8 
General biomedical research ............ 4,611 12,223 37.7 
(continued) 
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Appendix table 5-24. (Continued) 


U.S. asa 
U.S. Worid percentage 
publications publications of the world 
Field and subfield Number Number Percent 
WS ot cade vcqetecusewseeneseunecus 13,000 34,127 38.1 
General biology ....................... 142 504 28.3 
General zoology ...................... 514 2,141 24.0 
Entomology ...................2..20-. 1,521 2,738 55.6 
Miscellaneous zoology ................. 590 1,302 45.3 
Marine biology and hydrobiology ......... 1,160 3,780 30.7 
Botany ..... 2.2.2.0... 00.0002 ce eee eee 3,398 10,197 33.3 
NS oc nueeeeedseserex essence eees 1,288 2,€20 49.2 
Agriculture and food science ............. 3,052 7,875 38.8 
Dairy animal science ................... 1,131 2,450 46.2 
Miscellaneous biology .................. 203 520 39.0 
OS ceux eeu ics dkeee cae N exe an 12,313 55,558 22.2 
Analytical chemistry ................... 1,862 6,815 27.3 
Organic chemistry ..................... 1,933 9,137 21.2 
Inorganic and nuclear chemistry .......... 889 4,637 19.2 
Applica chemiiry ..........0..2.0.2005. 303 1,504 20.2 
Ceneral chevustry .. 2... 0. eee 3,075 15,472 19.9 
PND s0s'5 65 ve denen beecuneaee tens 1,292 4,785 27.0 
Physical chemistry . .................. 2,957 13,208 22.4 
SSSR err rrr 16,360 54,056 30.3 
Chemical physics ..................... 2,340 6,252 37.4 
Solid state physics .................... 1,793 7,017 25.5 
Fluids and plasmas .................... 645 1,192 54.1 
Applied physics ...................24.. 4,077 12,573 32.4 
ee ere 483 1,243 38.9 
GED 6-60.60 60064 ednbedtanedsseseseee 1,017 2,515 40.4 
General physics ..................24.. 3,935 17,033 23.1 
Nuclear and particle physics ............. * 962 5,944 33.u 
Miscellaneous physics ................. 109 287 38.1 
Earth/space .... 2.2... ec eee 7,811 18,351 42.6 
Astronomy and astrophysics ............. 1,746 4,329 40.3 
Meteorology and atmospheric science ..... 662 1,250 53.0 
SEN 0-6 0:04404 40h oe R49 050549040455 1,122 2,849 39.4 
Erivironmental science ................. 1,594 3,361 47.4 
Larth/planetary science................. 2,164 5,400 40.1 
eee ee 0 0 0.0 
Oceanography and limnology ............ 523 1,162 45.0 
(continued) 
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Appendix table 5-24. (Continued) 


U.S. asa 
U.S. Worid percentage 
publications publications of the world 
Field and subfield Number Number Percent 
Engineering/technology .................. 9,775 26,201 37.3 
Chemical engineering .............. ee 1,294 3,290 39.3 
Mechanical engineering ................ 1,307 3,570 36.6 
Civil engineering ...................... 385 712 54.1 
Electrical engineering/electronics ......... 2,010 5,455 36.8 
Misceliane ous engineering/technology ..... 162 611 26.5 
Industrial engineering .................. 41 54 75.9 
General engineering ................... 158 317 49.8 
Metals/metallurgy ..................... 962 4,417 21.8 
Materials science ..................... 1,211 3,370 35.9 
Nuclear technology .................... 872 1,943 44.9 
Aerospace technology .................. 540 913 59.1 
NS oo oaks 5 406d asscaseeess: 646 1,170 55.2 
Library and information science .......... 20 31 63.4 
Operations research and management 
ID oo van 66554548004 444 5404 KS 169 348 48.7 
Mathematics .........................2.. 3,109 7,722 40.3 
Probability and statistics ................ 539 1,089 49.5 
Applied mathematics ................... 679 1,551 43.8 
General mathematics .................. 1,689 4,549 37.1 
Miscellaneous mathematics ........ err 202 533 37.8 


Notes: When an article is written by researchers from more than one country, that article is prorated across the 
number of author institutions in each country. Thus, if a given article has authors from two institutions in France 
and from one institution in the United States, it is counted as two-thirds of a French article and one-third of a 
U.S. article. Data are based on the articles, notes, and reviews in over 3,200 of the influential journals carried 
on the 1981 Science Citation index Corporate Tapes. 


SOURCE: Computer Horizons, Inc., Science and Engineering Indicators Literature Data Base, 1988. 
Science & Engineering indicators— 1989 
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Appendix table 5-25. Contribution of selected countries to world literature, by field: 1981 and 1986 
United United West 


Field and year World States Kingdom Germany France USSR Japan Canada 
Number’ Percent 

1981 

WD ws cee pu aa een scene 368,934 35.9 8.3 6.3 5.0 8.0 6.8 3.9 
Clinical medicine ....... 116,371 41.3 9.8 6.4 5.2 3.3 5.1 3.4 
Biomedical research .... 55,303 39.5 8.5 6.1 5.2 5.7 6.2 4.1 
Biology ............... 39,232 37.6 9.0 4.7 3.5 2.8 6.1 6.3 
Chemistry............. 54,432 20.0 6.6 6.6 5.9 16.7 10.9 3.1 
ee 45,561 28.7 6.4 6.7 5.9 16.8 8.2 2.9 
Earth/space sciences.... 16,991 42.7 8.5 44 46 10.0 2.3 5.2 
Engineering/technology .. 30,710 40.7 8.5 7.0 3.3 7.6 9.2 42 
Mathematics .......... 10,334 38.2 6.1 9.0 5.6 7.6 4.3 5.1 

1986 

WO cchatacenecuandens 387,027 35.6 8.2 5.8 4.9 7.6 7.7 4.3 
Clinical medicine ....... 126,463 40.0 10.4 5.6 46 2.9 6.4 4.0 
Biomedical research .... 64,550 38.4 8.0 5.2 5.0 8.3 7.1 4.0 
Biology ............... 34,127 38.1 9.5 43 3.1 2.4 6.5 8.4 
Chemistry ............. 55,558 22.2 5.7 6.9 5.6 15.1 10.7 3.1 
Phyeles ... 1... eee 54,056 30.3 5.6 6.9 6.5 14.7 8.6 3.1 
Earth/space sciences.... 18,351 42.6 7.9 4.0 43 7.0 3.7 6.7 
Engineering/technology .. 26,201 37.3 75 7.0 3.6 5.6 12.7 49 
Mathematics .......... 7,722 40.3 75 7.9 4.7 46 3.4 4.7 

‘These are numbers of publications. 


Notes: When an article is written by researchers from more than one country, that article is prorated across the number of author institutions 
in each country. Thus, if there are authors from two US institutions and one French institution, the paper is counted as two-thirds of a US 
paper and one-third of a French paper. Data are based on over 3,200 journals on the 1981 Science Citation Index Corporate Tapes. 


SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, 1988. 
Science & Engineering indicators— 1989 
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Appendix table 5-26. Worid publications with 1, 2, 3, and 4 or more authors, 
by field and selected years 
1973 1976 1979 1982 1984 1985 1986 
All fields 
Percentage of papers with 
Perr rere rr cree 33 29 24 23 21 20 19 
2 authors ................. 33 32 31 30 29 29 28 
3 authors ................. 20 21 22 22 22 22 23 
4or more authors .......... 15 18 22 25 28 29 31 
Total number of papers ........ 294,303 294973 284,112 384,768 382,431 402,403 398,783 
Authors/paper (average) ....... 2.27 2.43 2.61 2.74 2.85 2.91 2.98 
Clinical medicine 
Percentage of papers with 
fe ee 27 23 18 17 16 15 14 
ee 29 27 25 24 23 22 21 
DOID 2... nc cc cece cece. 22 23 23 23 22 22 22 
4or more authors .......... 22 27 33 36 40 41 43 
Total number of papers ........ 80,080 82,284 82,197 121,180 121,593 127,905 128,537 
Authors/paper (average) ....... 2.58 2.79 3.03 3.18 3.32 3.40 3.50 
Biomedical research 
Percentage of papers with 
Pee a4 21 17 15 14 v6 14 
2 authors ................. 38 36 35 32 30 29 28 
OED ceceg sc teenavevers 23 24 25 25 25 os 24 
4or more authors .......... 15 19 23 27 31 32 34 
Total number of papers ........ 41,134 43,558 44,126 57,634 56,592 65,447 65,246 
Authors/paper (average) ....... 2.37 2.54 2.71 2.87 3.02 3.05 3.14 
Biology 
Percentage of papers with 
OEE 5.660 0%342%0404 0255 42 38 33 30 28 28 27 
err ss 35 35 36 36 36 36 36 
i See 16 18 20 20 22 22 22 
4or more authors .......... 8 10 12 13 15 15 15 
Total number of papers ........ 25,926 25,882 26,005 39,891 38,811 35,520 34587 
Authors/paper (average) ....... 1.93 2.04 2.17 2.23 2.32 2.31 2.34 
Chemistry 
Percentage of papers with 
| PET Eereerrerrre res 17 16 15 14 13 13 13 
2 authors ................. 39 36 34 31 30 30 29 
3 authors ................. 27 28 28 28 28 28 28 
4ormore authors .......... 17 21 23 26 29 29 30 
Total number of papers ........ 47,501 47,135 44,882 56,652 55,524 57,113 57,465 
Authors/paper (average) ....... 2.52 2.64 2.74 2.83 2.93 2.92 2.96 
Physics 
Percentage of papers with 
ft  PPPePeTeTirre cries 31 28 26 25 24 22 22 
2 authors ............02.5.. 36 35 34 33 32 31 30 
FT 20 20 21 22 22 22 22 
4ormore authors .......... 14 17 19 21 23 25 25 
Total number of papers ........ 37,536 38,516 38,579 48,606 47,934 56,016 55,840 
Authors/paper (average) ....... 2.31 2.46 2.55 2.64 2.72 2.80 2.83 


(continued) 
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Appendix table 5-26. (Continued) 


1973 1976 1979 1982 1984 1985 1986 
Earth/space sciences 
Percentage of papers with 
1 author .................. 48 42 39 36 33 31 30 
errr ree 32 33 33 33 34 35 34 
ee eee eres 13 15 17 17 18 18 19 
4ormore authors .......... 8 10 12 14 16 15 17 
Total number of papers ........ 12,746 12,968 12,842 17,404 16,707 18,129 18,602 
Authors/paper (average) ....... 1.87 2.01 2.12 2.21 2.33 2.32 2.39 
Engineering/technology | 
Percentage of papers with 
J ee eee 53 51 40 36 35 32 30 
2 authors ................. 28 29 32 33 32 34 34 
ee 12 14 17 19 19 19 21 
4ormore authors .......... 6 7 11 12 14 15 15 
Total number of papers ........ 39,784 35,825 27,959 33,271 35,349 31,845 29,996 
Authors/paper (average) ....... 1.76 1.82 2.08 2.17 2.23 2.29 2.33 
Mathematics 
Percentage of papers with 
1 author .................. 75 73 70 66 63 62 62 
2 authors ................. 21 22 25 27 29 30 30 
3 authors ................. 3 4 4 5 6 7 7 
4ormore authors .......... 1 1 1 1 2 1 1 
Total number of papers ........ 9,597 8,808 7,523 10,131 9,924 10,428 8,510 
Authors/paper (average) ....... 1.32 1.33 1.38 1.42 1.46 1.47 1.47 


Note: Data for 1973-80 are based on the articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science 
Citation Index Source Tapes of the Institute for Scientific Information; 1981-86 data are based on over 3,200 journals on the 1981 Science 
Citation Index Source Tapes. 


SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, 1988. 
See figure 5-10. 
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Appendix table 5-27. internationally coauthored articles, by field: 1976-86 


1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Internationally coauthored articles as a percent of all articles 
Allfields ............. 4.0 4.3 46 4.9 5.2 5.5 5.8 6.2 6.7 7.1 75 
Clinical medicine ..... 3.0 3.1 3.3 3.6 3.8 4.1 4.3 4.7 48 5.4 5.7 
Biomedical research .. 4.5 49 5.0 5.5 5.7 6.2 6.6 6.9 7.4 7.5 8.3 
Biology ............ 3.6 3.8 4.3 45 46 48 46 5.4 6.1 6.3 6.5 
Chemistry .......... 3.2 3.8 3.6 4.1 43 4.7 5.1 5.3 5.7 5.8 6.1 
Physics ............ 5.8 6.5 7.1 7.5 78 8.5 8.9 9.2 10.0 10.2 10.5 
Earth/space sciences . 7.3 7.7 8.6 8.8 9.7 9.3 10.3 11.1 12.6 12.1 12.4 
Engineering/technology 2.5 2.9 3.3 3.6 3.9 4.7 49 5.3 5.5 5.9 6.8 
Mathematics ........ 6.7 6.8 7.3 7.6 9.0 8.8 10.0 10.7 11.8 12.5 13.4 
Internationally coauthored articles 
Allfields ............. 10,561 11,338 12,317 13,227 14,057 20,414 21,745 23,275 24,799 27,522 28,936 
Clinical medicine ..... 2,314 2,440 2,709 2,837 3,032 4,725 5,084 5,554 5,751 6,735 7,179 
Biomedical research .. 1,862 2,032 2,147 2,393 2,533 3,415 3,765 3,965 4,181 4,836 5,356 
Biology ............ 853 915 1,011 1,121 1,051 1,898 1,804 2,034 2,308 2,211 2,233 
Chemistry .......... 1,384 1,546 1,598 1,761 1,932 2,565 2,802 2,857 3,073 3,217 3,402 
Physics ............ 2,142 2,321 2,548 2,757 2,960 3,881 4,217 4,334 4,646 5,522 5,683 
Earth/space sciences . 830 849 963 1,021 1,108 1,586 1,709 1,827 2,065 2,154 2,278 
Engineering/technology 627 721 806 803 842 1,428 1,416 1,686 1,680 1,653 1,770 
Mathematics ........ 549 515 536 534 600 914 948 1,019 1,096 1,194 1,035 
All articles 

Allfields ............. 266,453 262,993 270,124 268,007 269,569 368,956 371,767 373,548 369,930 390,069 387,190 
Clinical medicine ..... 75,929 77,487 81,211 78,828 80,546 116,385 118,188 119,326 119,095 125,718 126,586 
Biomedical research .. 41,832 41,314 42903 43,591 44272 55306 57,206 57,285 56,219 64,717 64,552 
Biology ............ 23,907 23,761 23,266 24830 22,836 39,235 39,024 37,786 38,092 34932 34,164 
Chemistry .......... 43,400 40,905 43,813 43,249 44446 54433 55382 54,188 54119 55,2: 55,558 
,  Serrrrrrrrer 36,818 35,897 35,802 36,688 37,943 45563 47,231 46905 46452 54,04. ,056 
Earth/space sciences . 11,326 11,053 11,218 11,586 11,394 16,991 16,661 16,508 16,335 17,834 18,351 
Engineering/technology 25,114 25,007 24,587 22,181 21,459 30,709 28601 32,072 30,309 28,005 26,201 
Mathematics ........ 8,127 7,569 7,325 7,053 6,673 10,334 9,473 9,478 9,309 9,551 7,722 


Note: Data for 1976-1980 are based on the articles, notes, and reviews in over 2100 of the influential journals carried on the 1973 Science Citation index Corporate Tapes of 
the Institute for Scientific Information; 1981-1986 data are based on over 3200 journals on the 1981 Science Citation Index Corporate Tapes. 


SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, 1988. 
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Table 5-28. internationally coauthored science and engineering articles for selected countries: 1976-86 


Country 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Internationally coauthored articles as a percent of all articles by country 
West Germany ...... 9.7 10.9 11.3 12.5 13.6 14.2 15.0 16.4 17.6 18.8 20.9 
United Kingdom ..... 10.0 10.6 11.3 12.1 13.1 13.5 13.9 14.4 15.6 15.7 16.6 
Canada ........... 12.4 12.9 14.0 14.4 15.1 17.1 17.7 17.3 18.4 18.9 19.4 
France ............ 10.3 11.4 12.5 13.1 13.7 15.2 16.7 18.0 18.9 20.5 21.3 
USSR ............. 2.0 2.5 2.4 2.8 3.0 2.8 2.9 3.0 2.9 3.2 3.3 
United States ....... 5.6 6.0 6.1 6.6 7.1 75 7.9 8.6 9.3 9.7 10.2 
Japan ............. 3.5 3.9 3.9 44 46 5.2 5.7 6.0 6.7 7.1 7.5 
Internationally coauthored articles 
West Germany ...... 1,741 1,924 2,176 2,244 2,459 3,557 3,767 4,058 4,292 4,999 5,323 
United Kingdom ..... 2,574 2,633 2,784 2,889 3,159 4,492 4,626 4,847 5,150 5,545 5.789 
Canada ........... 1,532 1,599 1,715 1,812 1,819 2,718 2,861 2,862 3,183 3,494 3,636 
France ............ 1,59. 1,790 1,838 2,003 2,153 3,062 3,342 3,546 3,761 4,220 4,507 
Fe 422 523 528 604 637 836 900 929 869 994 982 
United States ....... 5,6:5 5,972 6,248 6,758 7,192 10,268 11,013 11,830 12,743 14,123 14,824 
Japan ............. 553 635 679 768 872 1,334 1,516 1,645 1,878 2,196 2,309 
All articles by country 

West Germany ...... 17,968 17,663 19,192 17,993 18,096 25,118 25,060 24692 24,331 26,565 25,511 
United Kingdom ..... 25,784 24809 24635 23,829 24026 33,168 33,314 33,777 32,929 35,227 34,812 
Canada ........... 12,329 12,3982 12,226 12,606 12,072 15,877 16,135 16,582 17,302 18,509 18,766 
France ............ 15,438 15,769 14,694 15,265 15,671 20,152 20,043 19,663 19,894 20,629 21,208 
ee 21,344 21,012 22448 21,719 21,498 30,044 30,796 31,381 29,849 30,823 29,778 
United States ....... 102,/83 100,352 102,288 102,682 101,919 137,327 139,028 138,243 137,359 144,915 145,179 
GED séecteusvcses 15,738 16,170 17,231 17,563 18,830 25,773 26626 27,221 27,978 30,768 30,956 


Notes: Data for 1973-80 are based on the articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of 
the Institute for Scientific Information; 1981-86 data are based on over 3,200 journals on the 1981 Science Citation Index Corporate Tapes. Articles are attributed to a country 
if at least one author is from the country. Because of multiple counting of papers, adding together the numbers for different countries would lead to a larger count than the 
actual number of published papers. 
SOURCE: Computer Horizons, Inc., Science and Engineering indicators Literature Data Base, 1988. 
See figure O-17 in Overview and text table 5-5. 
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Appendix table 5-29. international science and engineering coauthorship, by U.S. 


sector: 1981-86 
Sector 1981 1982 1983 1984 1985 1986 
Percent of articles involving cross-national collaboration 
Academic institutions .............. 7.7 8.0 8.6 9.3 9.7 10.2 
Nonprofit institutions .............. 5.7 6.3 6.9 75 8.0 8.7 
POUND ccccccccccccccccccccccs 9.6 11.5 11.8 14.1 13.3 148 
Federal and local government ....... 6.0 6.6 7.4 7.9 8.3 8.6 
BD $650tneeansecencesdennka 5.5 6.5 6.5 7.0 7.9 7.9 
Number of articles involving cross-national collaboration 
Academic institutions .............. 7,980 8484 9,098 9857 10840 11,472 
Nonprofit institutions .............. 829 914 1,024 1,121 1.259 1,344 
FFRDCs .................2000.. 614 714 756 829 928 1,031 
Federal and local government ....... 1330 1,454 1,601 1,733 1,830 1,922 
BED so asceuceoeweccecencaeses 743 890 944 999 1,196 1,219 
Total articles 

Academic institutions .............. 104,112 106,657 105,246 105,598 111,690 112,639 
Nonprofit institutions .............. 14,624 14,597 14,919 14862 15,664 15,389 
DEE. ps. o'eee da 604eueesaaseens 6393 6186 6417 5884 6952 6,981 
Federal and local government ....... 22,014 22,132 21,750 21,816 22,118 22,254 
Industry ... 2... eee 13,462 13,705 14,598 14220 15,127 15,453 


FFROC = Federally funded research and development center. 


Notes: Data are based on the articles, notes, and reviews in over 3,200 journals on the 1981 Science Citation Index 
Corporate Tapes. Articles with at least one author from the specified sector are counted in that sector. Thus, an article 
coauthored by two sectors will be counted twice, once for each sector. Therefore, the columns will add to a larger number 
of articles than the actual number published. 


SOURCE: Computer Horizons, Inc., Science & Engineering indicators Literature Data Base, 1988. 
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Appendix table 5-30. U.S. publications in science and engineering fields, by sector: 1976 and 1986 


Academic Federal Nonprofit 
Field Total _institutions industry Government institutions FFRDCs Other 
1976 (Number) 

Alifields ..................... 99,430 66,019 9,648 10,521 6,890 3,384 2,960 
Clinical medicine ............ 32,821 21,498 1,156 3,768 4,594 169 1,633 
Biomedical research.......... 16.259 12,569 452 1,414 1,185 312 329 
Biology .......... aesateun 10,573 7,627 312 1,858 308 62 405 
Chemistry .................. 9,433 6,537 1,553 689 199 328 128 
Physics .................... 11,499 6,941 1,750 1,091 166 1,502 50 
Earth’/space sciences ......... 5,009 3,490 243 691 137 264 BS 
Engineering/technology ....... 10,345 4,165 4,076 928 248 615 321 
Mathematics ................ 3.4%4 3,194 106 82 61 31 10 

1986 (Number) 

Alifields ................. .. 137,770 95,812 11,872 12,892 9,896 4,760 2,538 
Clinical medicine ............ 50,638 34,920 2,111 5,025 6,787 254 ~=«1,541 
Biomedical research.......... 24,764 18,797 1,164 2,291 1,818 343 352 
EN die ceaeeeneeceonens 13,000 10,068 337 1,862 380 69 285 
Chemistry .................. 12,313 8,734 2,100 734 189 491 65 
Physics ...............-.... 16,361 10,129 2,881 917 206 2,195 32 
tarth/space sciences ......... 7,811 4,985 580 1,206 285 579 177 
Engineering/technology ....... 9,774 5,369 2,579 790 180 776 81 
Mathematics ................ 3,109 2,811 121 68 49 56 4 

1976 (Percent) 

 ScGcdnedescesececes ced 100.0 66.4 9.7 10.6 6.9 3.4 3.0 
Clinical medicine ............ 100.0 65.5 3.5 11.5 14.0 0.5 5.0 
Biomedical research.......... 100.0 77.3 28 8.7 7.3 19 2.0 
BD cons ccdeuceesseerses 100.0 72.1 3.0 17.6 2.9 0.6 3.8 
EE ccscctedveecsecess 100.0 69.3 16.5 7.3 2.1 3.5 1.4 
PRR cipeccctessreccecans 100.0 60.4 15.2 95 1.4 13.1 04 
Earth/space sciences ......... 100.0 69.7 49 13.8 2.7 7.3 1.7 
Engineering/technology ....... 100.0 40.3 39.4 9.0 2.4 59 3.1 
Mathematics ................ 100.0 91.7 3.0 2.4 1.8 0.9 0.3 

1986 (Percent) 

re 100.0 69.5 8.6 9.4 7.2 3.5 18 
Clinical medicine ............ 100.0 69.0 42 99 13.4 0.5 3.0 
Biomedical research.......... 100.0 75.9 47 93 7.3 1.4 1.4 
Biology .... 6... eee eee 100.0 77.4 26 14.3 29 0.5 2.2 
Chemistry .................. 100.0 70.9 17.1 6.0 1.5 4.0 § 
Physics ............ paeeeees 100.0 61.9 17.6 5.6 1.3 13.4 0.2 
Earth’/space sciences ......... 100.0 63.8 7.4 15.4 3.6 74 2.3 
Engineering/technology ....... 100.0 54.9 26.4 8.1 18 79 0.8 
Mathematics ................ 100.0 90.4 3.9 2.2 1.6 18 0.1 


FFRDC = Federally funded research and development center. 


Notes: Data for 1976 are based on the articles, notes, and reviews in over 2,100 of the influential journals carried un the 1973 Science 
Citation index Corporate Tapes of the institute for Scientific information; 1986 data are based on over 3.200 journals on the 1981 Science 
Citation index Corporate Tapes. When an article is written by researchers from more than one sector, the article is ororated among sectors. 
based on the number of author institutions in each sector. 


SOURCE: Computer Horizons, Inc., Science & Engineering indicators Literature Data Base, 1988. 
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Appendix table 5-31. Coauthorship among U.S. sectors: 1973, 1976, and 1982-86 
1973 1976 1982 1983 1984 1985 1986 1973 1976 1982 1983 1984 1985 1986 


Number ee es — 

Industry articles coauthored with 

Alisectors ..............0.0000.. 2,048 2,166 4,166 4434 4590 5,150 5,455 170 139 304 304 323 3%40 353 
Nonprofit institutions ............. 160 137 364 404 440 514 549 13 #13 27 28 31 34 36 
FFRDCs ..................2.2.. 69 83 268 352 362 380 455 06 O08 20 24 25 25 29 
Government ................... 423 522 861 965 922 1,011 1,135 35 48 63 66 65 67 73 
Academic institutions ............ 1,542 1,592 3,297 3,386 3,584 4,063 4,283 128 146 241 232 252 269 27.7 

Nonprofit articles coauthored with 

Alisectors ...................2.. 4,835 4950 8279 8472 8410 9,097 9039 500 519 567 568 566 58.1 587 
EE vo occeeauxedvaecsawnces 160 137 364 404 440 514 549 17 14 25 27 30 33 36 
SE cv ccdanevackedevneen : 36 60 107 107 125 132 106 04 06 O7 O7 O8 O8 07 
Government ...............40.. 708 727 1,138 1,157 1,080 1,265 1,284 73 76 78 78 73 81 83 
Academic institutions ............ 4,392 4515 7,627 7,798 7.718 8326 8298 454 474 523 523 519 532 5339 

FFRDC articles coauthored with 

Alisectors ..............00.0005. 1,371 1438 2509 2682 2709 2995 3277 398 440 406 418 460 43.1 469 
BES ccicacueescudeyendeens 69 83 268 352 362 380 455 20 25 43 55 62 55 65 
Nonprofit institutions ............. 36 60 107 107 125 132 106 10 18 #17 #17«~ «241 1319 «185 
Government ................... 88 109 248 291 309 316 382 25 33 40 45 53 45 55 
Academic institutions ............ 1,193 1,250 2,095 2,159 2186 2406 2637 346 383 339 336 37.1 346 378 

Government articles coauthored with 

SE: ccc uweewccuesevuducnes 7,078 7,729 11,545 11,474 11,598 11,959 12,366 398 456 522 528 522 541 556 
BED okndeaxdenesresancaaens 423 522 861 965 922 1,011 1,135 24 31 39 44 42 46 §1 
Nonprofit institutions ............. 708 727 1,138 1,157 1,080 1,265 1,284 40 43 51 53 50 57 58 
PED ccvecenecuwseduceecees 88 109 248 291 309 316 382 05 O06 11 #13 14 14 «17 
Academic institutions ............ 6.200 6,777 10,197 10,028 10,249 10,456 10809 349 399 461 46.1 470 473 486 

Academic articles coauthored with 

Alisectors .. 20... 12,988 13,858 21,958 23,371 22.424 23,753 24,388 17.1 184 206 209 212 213 21.7 
Industry 2. cece eee. 1,542 1,592 3,297 3,386 3,584 4,063 4,283 20 21 31 32 34 36 38 
Nonprofit institutions ............. 4,392 4515 7,627 7,798 7,718 8326 8,298 58 60 72 74 73 75 74 
POUUED 6-65 c0e-0e5eeeadee cd ees 1,193 1,250 2,095 2,159 2.186 2406 2,637 16 #17 20 21 2141 22 23 
Government ..............0005. 6,200 6,777 10,197 10,028 10,249 10,456 10,809 82 90 96 95 97 94 96 


FFRDC = Federally funded research and development center. 


Notes: Data for 1973 and 1976 are based on the articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation index Corporate 
Tapes of the Institute for Scientific information; 1982-1986 data are based on over 3,200 journals on the 1981 Science Citation Index Corporate Tapes An article is counted 
from a sector if one or more authors is from the sector. Partly because some articles have authors from more than two sectors, the “All sectors total is slightly less than the 
sum of the four individual sector coauthorships. 


SOURCE: Computer Horizons, inc., Science & Engineering indicators Literature Data Base, 1988. 


See figure 5-11. 
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Appendix table 5-32. Academic coauthorship of industry articles, by science and engineering fieid 
for selected years 


1973 1976 1979 1981 1982 1983 1984 1985 1986 
Academia/industry coauthored articles as a percent of all industry articles 


Allfields ... 2.02.00 6 eee eee 13 15 17 22 24 23 25 27 28 
Clinical medicine .................. 21 21 26 30 34 33 35 40 37 
Biomedical research ............... 19 25 26 35 37 35 35 39 38 
ec dneeinncreckesouapenye se 19 27 31 39 46 42 37 44 44 
Chemistry ....................... S 11 11 13 17 15 16 16 18 
BEE sc evececeencussvacnaneeens 13 16 17 20 21 23 25 23 23 
Earth/space sciences .............. 29 26 26 34 35 33 36 33 36 
Engineeringftechnology ............. 9 10 12 16 17 16 17 18 20 
Mathematics ..................... 29 27 37 43 35 42 42 43 40 

Academia/industry coauthored articles 

Alifields .............2000020000055. 1542 1592 1,710 2,905 3.297 3,386 3584 4063 4,283 
Clinical medicine .................. 322 292 356 636 768 779 916 1,080 1,150 
Biomedical research ............... 116 143 154 276 305 334 391 534 654 
Biology... . 6... eee eee 82 100 125 176 246 210 213 242 217 
ME, gowndssnceweacdssssasen 183 184 184 269 357 328 327 365 423 
Physics ....... 00.2006 ee eee 244 319 327 508 575 603 650 806 825 
Earth/space sciences .............. 102 80 101 207 241 222 251 286 316 
Engineeringtechnology ............. 455 439 424 746 732 811 757 645 629 
Mathematics ..................... 37 35 39 89 73 100 79 105 69 

Articles with one or more industry authors 

a 12,053 10,885 10,056 13462 13,705 14598 14220 15,127 15,453 
Clinical medicine .................. 1566 1390 # 1,391 2,086 2257 2394 2608 2,725 3,102 
Biomedical research ............... 613 582 601 782 824 966 1,109 1,376 1,715 
BE 6. dnsnccdenckvondscneseeees 435 376 401 452 533 500 571 553 490 
Chemistry ...............0.00055. 1975 1,693 1,660 1999 2124 2143 2007 2230 2,415 
Physics ... 2.0 eee en, 1907 2,020 1,948 2559 2.713 2623 2553 3,511 3,590 
Earth/space sciences .............. 352 312 389 606 691 664 698 875 884 
Engineeringtechnology ............. 5.076 4,387 3,562 4.770 4356 5075 4483 3612 3,085 
Mathematics ...............0..... 130 127 105 208 208 235 189 245 172 


Notes: Data before 1981 are based on the articles, notes, and reviews in over 2100 of the influential journals carried on the 1973 Science Citation index 
Corporate Tapes of the Institute for Scientific Information; 1981-1986 data are based on over 3200 journals on the 1981 Science Citation index Corporate 
Tapes. All articles with one or more industry authors are counted as industry articles. 


SOURCE: Computer Horizons, inc., Science & Engineering indicators Literature Data Base, 1988. 
See figure 0-26 in Overview 
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Appendix table 5-33. Citations in U.S. papers to papers from selected countries, by field and citing year: 1977-86 
Publication year of citing papers 
1977 1978 1979 1980 1981 1982 1983 1984 
Percerit of citations in U_S. papers to 


France 
Alifields .............. 7 2.1 22 22 2.1 23 24 25 25 
Clinical medicine ........... 14 14 15 15 1.7 1.7 18 18 
Biomedical research ......... 23 23 24 24 25 26 26 27 
BNE oo cnenaneedaunaue ns 1.0 1.1 12 1.1 12 1.1 12 1.0 
Chemistry ................. 3.1 3.6 32 3.1 3.1 3.5 3.5 3.6 
NE oc psu vieen sane vee 3.6 38 39 3.6 38 3.9 41 42 
Earth’space sciences ........ 2.1 22 2.1 2.1 2.1 22 24 25 
Engineeringtechnology ...... 1.3 1.4 1.6 12 1.7 1.9 18 22 
Mathematics ............... 35 35 3.3 28 29 29 3.7 28 
Japan 
ND oe tec teucss secsecess 2.1 23 23 25 27 28 29 3.0 
Clinical medicine ........... 15 1.6 1.6 18 19 2.0 2.1 2.1 
Biomedical research ......... 2.1 25 23 24 26 2.7 3.0 3.3 
a ee 18 2.0 2.1 1.9 22 1.9 1.8 2.1 
Chemistry ................. 45 5.3 5.1 5.0 5.4 5.9 6.3 6.1 
Physics ................... 25 24 26 3.4 3.6 4.0 3.9 3.9 
Earth’space sciences ........ 0.9 0.8 0.9 1.1 1.0 1.2 1.1 1.1 
Engineeringtechnology ...... 21 2.7 2.7 3.4 3.6 3.9 3.7 43 
Mathematics ............... 1.7 1.5 12 17 22 18 2.0 24 
United Kingdom 
GEE 9.05-004654664 64500025 73 7.3 7.0 6.7 6.3 6.1 5.8 6.0 
Clinical medicine ........... 75 74 7.1 6.7 6.3 6.2 6.2 6.2 
Biomedical research ......... 79 78 7.7 7.1 65 6.3 5.9 6.1 
BED cncnedeeneenewneses 6.7 6.6 6.6 6.7 68 6.3 6.3 6.1 
Chemistry ................. 793 7.7 74 7.1 65 6.3 6.2 64 
Physics ................... 5.8 5.4 54 5.3 5.1 47 45 5.0 
Earth’space sciences ........ 6.7 76 6.9 6.7 6.4 6.4 5.4 6.3 
Engineeringtechnology ...... 6.7 75 7.1 6.3 5.7 5.3 49 46 
Mathematics ............... 5.1 6.0 6.5 5.6 5.6 3.9 5.9 6.0 
West Germany 
SPUD nctceneenecceeesecas 28 29 3.0 3.2 32 3.2 3.2 3.3 
Clinical medicine ........... 1.6 1.7 18 1.7 18 18 18 1.9 
Biomedical research......... 3.1 3.5 3.3 3.6 3.7 3.5 3.6 3.7 
Biology ....... 22... .200... 1.9 1.4 1.9 22 23 22 23 2.1 
Chemistry ................. 49 5.0 49 5.2 5.0 5.3 5.0 48 
POND v:0.n0d6000000e00se%9 49 5.3 5.9 6.0 62 6.4 6.1 6.4 
Earth’space sciences ........ 19 i.9 1.9 22 2.1 2.1 26 29 
Engineeringtechnology ...... 26 2.3 25 29 2.7 28 23 3.0 
onennesne ween 2.7 3.2 3.9 41 3.9 3.2 3.7 3.2 
United States 

Alifields .............202.... 715 708 714 713 712 71.3 718 712 
Clinical medicine ........... 73.9 73.5 73.9 744 743 744 745 742 
Biomedical research......... 70.8 69.2 70.9 70.8 70.7 71.1 714 71.1 
Biology ....... 60.2.6, 742 748 725 724 71.7 73.4 73.7 73.7 
Chemistry ................. 61.2 59.7 61.6 61.5 62.3 61.3 61.2 63.1 
Physics ...........000..... 69.4 69.3 68.2 67.4 66.4 66.0 66.8 649 
Earth’space sciences ...... ; 76.8 75.7 76.2 745 75.7 75.6 775 746 
Engineeringtechnology ...... 75.3 75.2 744 74.7 742 75.1 75.3 742 
Mathematics ............... 740 729 73.6 72.0 718 73.5 70.2 70.0 


(continued) 


Appendix table 5-33. (Continued) 


Publication year of citing papers 


1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Percent of citations in U.S. papers to 
Non-United States 
re 28.5 29.2 28.6 28.7 28.8 28.7 28.2 28.8 29.0 29.5 
Clinical medicine ........... 26.1 26.5 26.1 25.6 25.7 25.6 25.5 25.8 26.4 27.0 
Biomedical research......... 29.2 30.8 29.1 29.2 29.3 28.9 28.6 28.9 28.2 28.6 
ee re 25.8 25.2 27.5 27.6 28.3 26.6 26.3 26.3 26.4 25.6 
Chemistry ................. 38.8 40.3 38.4 38.5 37.7 38.7 38.8 36.9 37.5 39.3 
OR ova ccevy ee ceneeass 30.6 30.7 31.8 32.6 33.6 34.0 33.2 35.1 35.4 35.7 
Earth/space sciences ........ 23.2 24.3 23.8 25.5 24.3 24.4 22.5 25.4 24.7 24.5 
Engineering/technology ...... 24.7 24.8 25.6 25.3 25.8 24.9 24.7 25.8 26.6 26.6 
Mathematics ............... 26.0 27.1 26.4 28.0 28.2 26.5 29.8 30.0 28.7 28.4 
Number of citations in U.S. papers to 
France 
Allfields .................... 8,904 8,840 9,549 9,145 10359 11,081 11,805 11,383 12,484 12,768 
Clinical medicine ........... 2,185 2,202 2,311 2,325 2,705 2,702 2,879 2,800 2,960 2,998 
Biomedical research......... 2,636 2,213 2,907 2,913 3,171 3,468 3,532 3,470 3,851 4,213 
Biology .............-2005. 252 252 291 276 316 315 333 294 224 220 
Chemistry ............:.... 1,294 1,505 1,276 1,226 1,358 1,582 1,506 1,525 1,500 1,518 
Physics ..............2.000. 1,768 1,820 1,820 1,665 1,928 2,053 2,275 2,168 2,935 2,906 
Earth/space sciences ........ 475 540 623 500 551 612 910 763 701 647 
Engineering/technology ...... 145 155 195 144.2 226 255 244 275 212 171 
Mathematics ............... 149 153 126 98 104 95 124 87 100 96 
Japan 
Alifields ................0... 8,670 9,190 9835 10,552 12,143 13,096 13,778 13,781 16,320 17,044 
Clinical medicine ........... 2,261 2,420 2,504 2,824 3,151 3,270 3,418 3,347 4,062 4,151 
Biomedical research......... 2,389 2,343 2,880 2,975 3,390 3,578 4,037 4,258 5,503 6,046 
Biology ................... 436 482 518 446 609 545 499 589 552 465 
Chemistry ................. 1,836 2,203 2,039 2,010 2,328 2,688 2,678 2,571 2,796 2,961 
. Feeererrrrererrrcs 1,238 1,169 1,236 1,581 1,852 2,095 2,142 2,052 2,579 2,615 
Earth/space sciences ........ 210 202 283 255 258 318 430 348 281 366 
Engineering/technology ...... 229 305 328 402 478 542 508 540 494 398 
Mathematics ............... 72 66 47 60 77 60 66 75 53 43 
United Kingdom 
Alifields ................0048. 30,855 29,393 30,659 28468 28590 28,167 27,951 27,676 28,218 28,553 
Clinical medicine ........... 11,561 11,583 10,889 10,334 10,261 10,084 10,136 9,974 10,375 9,919 
Biomedical research......... 9,034 7,434 9,484 8,699 8,393 8,374 7,929 8,019 8,933 9,830 
Biology ................... 1,611 1,566 1,617 1,619 1,877 1,753 1,785 1,707 1,402 1,323 
Chemistry ................. 3,262 3,200 2,933 2,812 2,785 2,854 2,662 2,681 2,403 2,555 
Physics ...............00.. 2,882 2,620 2,555 2,449 2,580 2,472 2,485 2,587 2,981 2,819 
Earth/space sciences ........ 1,550 1,874 2,056 1,628 1,736 1,772 2,079 1,946 1,365 1,496 
Engineering/technology ...... 738 852 880 730 760 729 679 573 580 477 
Mathematics ............... 218 264 245 197 198 129 196 188 178 134 
West Germany 
Alifields ...............000.. 11,783 11,762 13,058 13,526 14688 14,976 15,521 15,292 16,444 16,375 
Clinical medicine ........... 2,503 2,638 2,756 2,686 2,978 2,895 3,013 3,101 3,387 3,070 
Biomedical research......... 3,548 3,285 4,042 4,416 4,721 4,651 4,877 4,874 5,251 5,084 
Biology ..............-.00. 456 342 473 525 620 615 667 599 555 462 
Chemistry ................. 1,998 2,064 1,960 2,076 2,142 2,405 2,159 2,030 2,024 2,456 
i. . FEEL ere 2,441 2,556 2,787 2,796 3,179 3,341 3,355 3,324 3,904 4,105 
Earth/space sciences ........ 440 473 580 540 555 582 1,011 086 842 805 
Engineering/technology ...... 284 262 311 343 356 380 317 377 361 307 
Mathematics ............... 114 143 149 143 137 106 123 100 121 86 
(continued) 
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Appendix table 5-33. (Continued) 


Publication year of citing papers 


1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Number of citations in U.S. papers to 
United States 

Allfields .................... 301,986 286,737 310,795 304,202 324,883 331,920 344,541 326,962 347,926 340,365 
Clinical medicine ........... 114,216 114,488 113,852 114,783 121,210 121,248 122,061 118522 123,698 117,768 
Biomedical research......... 80,964 65,500 87,657 86865 91,055 93,828 95,660 92,907 108,371 109,834 
Biology ................... 17,817 17,788 17,875 17.447 19695 20567 20,945 20,735 18,380 17,285 
Chemistry ................. 25,202 24850 24484 24486 26903 27,935 26,182 26552 25696 25,877 
Physics ................05. 34,534 33,597 32,175 31405 33,890 34,729 36,956 33,716 40,561 40,232 
Earth/space sciences ........ 17,766 18,769 22,772 17,966 19,788 20,834 30,006 23,103 20,502 20,488 
Engineering/technology ...... 8,344 8,522 9,190 8,711 9,804 10348 10,402 9,217 8,453 7,081 
Mathematics ............... 3,142 3,223 2,790 2,539 2,539 2,430 2,328 2,210 2,265 1,800 

World (U.S. plus non-U.S.) 

Alifields .................0.. 422,396 404,828 435,222 426,790 456,408 465,694 480,125 459,029 489,875 482,986 
Clinical medicine ........... 154,614 155,696 154,013 154,354 163,077 162,898 163,855 159,695 168,111 161,427 
Biomedical research......... 114,404 094,703 123,646 122,617 128,815 131,956 133,958 130,629 150,947 153,882 
Biology ................... 24,018 23,796 24649 24,101 27,450 28,023 28,420 28,116 24964 23,242 
Chemistry ................. 41,176 41,638 39,729 39,806 43,152 45575 42,764 42,098 41,135 42,607 
Physics ................... 49,731 48,461 47,160 46,597 51,037 52,598 55,290 51962 62,809 62,538 
Earth/space sciences ........ 23,126 24,786 29,886 24126 26,126 27,560 38,706 30,955 27,219 27,127 
Engineering/technology ...... 11,080 11,328 12,347 11,663 13,218 13,777 13,819 12418 11,513 9,649 
Mathematics ............... 4,248 4,420 3,791 3,528 3,534 3,308 3,314 3,157 3,177 2,514 


Notes: Data are based on the articles, notes, and reviews in over 2100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of the Institute 
for Scientific Information. Cited years were on a 2-year lag, 3-year rolling cycle after the year of the citing paper. For example, for the 1986 citing year, only papers published 
in 1982-84 were counted as cited papers. 


SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, special tabulations for NSF, 1988. 
See text table 5-6. 
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Appendix table 5-34. Relative citation ratios for U.S. and foreign papers, by field: 1977-86 


Publication year of citing papers 
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 


Relative citation ratio' 


Non-U.S. citations to U.S. papers 


Allfields ................... 1.00 099 1.00 1.00 1.00 1.00 1.01 1.00 100 1.01 
Clinical medicine .......... 098 099 098 099 098 098 099 098 098 0.96 
Biomedical research ....... 1.07 102 1.07 #1.05 1.03 103 103 102 103 1.04 
Biology .................. 0.67 068 069 O68 068 0.71 0.70 0.70 065 0.67 
Chemistry................ 1.12 1.11 1.13 1.14 1.14 1.17 1.15 1.16 1.13 1.14 
Physics ................. 1.16 1.16 1.16 1.12 1.14 1.13 1.14 1.10 1.14 1.15 
Earth/space sciences ....... 1.04 106 105 105 105 106 109 1.10 109 1.10 
Engineering/technology ..... 0.82 081 080 080 083 083 083 0.78 0.73 0.74 
Mathematics ............. 0.81 085 082 085 085 087 085 086 083 0.93 


U.S. citations to U.S. papers 


Allfields ................0.. 190 189 192 1.92 193 194 195 194 193 1.92 
Clinical medicine .......... 1.73 1.72 1.72 1.73 1.72 1.73 1.74 1.75 1.75 1.74 
Biomedical research ....... 183 1.79 182 1.82 1.79 1.79 1.78 1.76 1.77 1.76 
Biology .................. 1.63 1.67 1.67 1.71 171 1.74 1.74 1.72 1.70 1.72 
Chemistry ................ 2.75 2.73 283 286 292 292 291 295 293 2.85 
Physics ................. 2.12 216 219 219 219 219 222 216 217 2.19 
Earth/space sciences ....... 168 166 169 164 %$.169 1.72 1.79 1.74 1.74 1.73 
Engineering/technology ..... 1.82 183 183 186 185 189 186 182 1.75 1.76 
Mathematics ............. 1.61 165 1.73 1.74 1.77 183 1.78 1.80 183 1.87 


U.S. citations to non-U.S. papers 


UE 65906565444 %44004%5 046 047 046 046 046 045 045 046 046 0.47 
Clinical medicine .......... 046 046 046 045 045 045 045 045 046 £0.47 
Biomedical research ....... 048 050 048 O48 048 048 048 048 047 0.48 
Biology ...............6.. 047 046 049 048 049 046 046 046 047 0.45 
Chemistry ................ 050 052 049 049 048 049 049 047 048 0.50 
Physics .............005. 045 045 046 047 048 049 047 O50 050 £0.50 
Earth/space sciences....... 0.43 045 043 047 044 043 040 044 044 £40.43 
Engineering/technology ..... 0.42 042 043 O42 043 O41 042 044 046 0.46 
Mathematics ............. 048 049 046 048 047 044 049 049 047 £0.46 


‘Also called “relative citation index,” this measures the share of citations a country, sector, etc., gets relative to the share of the world's 
literature it produces. 


Notes: Data are based on the articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation Index 
Corporate Tapes of the Institute for Scientific Information. Citations are counted in a 2-year-lag, 3-year rolling cycle. For example, for citing 
year 1982, citations to publications in years 1978-80 are counted. 


SOURCE: Cc nputer Horizons, Inc., Science & Engineering Indicators Literature Data Base, special tabulations for NSF, 1989. 
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Appendix table 5-35. Cross-sector citations in U.S. papers: 1977-86 


Year of citing papers 
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 


eatncnneeonaies ~~ ~ Relative citation ratio’ 


FFRDC citations to 
FFRDCs ........... 00... cc eee eee 10.82 10.81 10.53 11.76 12.24 12.94 12.28 13.01 12.58 12.56 
Federal Government ................. 0.56 0.60 0.64 0.54 0.47 0.59 0.70 0.57 0.63 0.64 
Academic institutions ................. 0.78 0.78 0.77 0.77 0.75 0.72 0.71 0.74 0.73 0.75 
eee ee ee 0.65 0.64 0.68 0.67 0.79 0.85 0.85 0.77 0.79 0.80 
Nonprofit institutions .................. 0.35 0.44 0.37 0.36 0.34 0.36 0.36 0.32 0.33 0.33 
Federal Government citations to 
FFRDCs ....................20 0 eee 0.63 0.53 0.60 0.51 0.51 0.57 0.74 0.54 0.53 0.56 
Federal Government ................. 3.14 3.15 3.27 3.36 3.31 3.35 3.40 3.54 3.56 3.54 
Academic institutions ................. 0.75 0.77 0.78 0.78 0.78 0.77 0.75 0.75 0.75 0.74 
I cid 40 00005 414k vies 0.42 0.47 0.40 0.36 0.40 0.43 0.47 0.43 0.46 0.49 
Nonprofit institutions .................. 1.14 1.03 1.00 0.99 0.98 0.98 0.98 1.03 1.04 1.02 
Academic citations to 
FFRDCs ........ 2... cee eee ee eee 0.77 0.68 0.61 0.64 0.66 0.69 0.72 0.68 0.67 0.74 
Federal Government ................. 0.77 0.77 0.80 0.81 0.81 0.83 0.86 0.85 0.84 0.82 
Academic institutions ................. 1.18 1.18 1.18 1.18 1.17 1.15 1.14 1.14 1.13 1.13 
Industry .......... 2... c cee ee eee eee 0.35 0.35 0.35 0.35 0.38 0.40 0.43 0.41 0.43 0.48 
Nonprofit institutions .................. 1.02 0.97 0.93 0.93 0.94 0.96 0.97 1.01 1.03 1.01 
Industry citations to 
FFRDCs ... 2... 2. eee cee ee 1.11 1.02 1.03 1.00 0.90 1.03 1.19 1.04 1.26 1.22 
Federal Government ................. 0.74 0.66 0.77 0.70 0.72 0.68 0.76 0.78 0.82 0.81 
Academic institutions ................. 0.60 0.59 0.59 0.60 0.59 0.60 0.60 0.62 0.63 0.66 
0 See ere errr 4.35 4.75 4.69 4.89 5.12 5.11 4.93 4.72 4.46 4.21 
Nonprofit institutions .................. 0.43 0.41 0.44 0.41 0.40 0.44 0.49 0.61 0.61 0.62 
Nonprofit citations to 
FFRDCs ............. cece ee eee ee 0.33 0.23 0.19 0.23 0.24 0.29 0.34 0.27 0.24 0.25 
Federal Government ................. 1.00 0.99 1.04 1.00 1.00 1.01 0.98 0.99 0.98 0.94 
Academic institutions ................. 0.85 0.87 0.88 0.89 0.88 0.87 0.87 0.86 0.86 0.85 
Industry ... 6... cee eee eee ee eee 0.23 0.21 0.21 0.21 0.25 0.27 0.28 0.29 0.26 0.30 
Nonprofit institutions .................. 4.02 3.94 3.71 3.71 3.75 3.62 3.63 3.73 3.84 3.82 
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Year of citing papers 
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 
—______—__——_—__——__——_—— Number of citations — 

FFRDC citations to 

Allsectors ........... 00.0.0... cee ee eee 8,860 7,420 7,935 6,643 7,664 7,112 8,318 7,425 7,958 7,782 
RS oc cceceucceevawseasbeeueas 2,942 2,412 2,611 2,245 2,692 2,455 2,835 2,561 2,741 2,501 
Federal Government ................. 541 480 537 376 377 430 592 415 488 483 
Academic institutions ................. 4,567 3,829 4,057 3,435 3,868 3,504 4,044 3,774 3,977 4,046 
Industry ................ 00 e eee e eee 599 477 526 422 547 543 633 506 567 566 
Nonprofit institutions .................. 211 222 204 165 180 180 214 169 185 186 

Federal Government citations to 

Alisectors ... 0.0.0... 0. ccc eee ee eee 29,170 27,963 32,372 30,227 31,809 31,483 33,767 31,437 32,187 32,025 
FFRDCs ............. 0... ce ee ee eee 575 459 608 454 475 487 701 458 476 468 
Federal Government ................. 10,222 9680 11,255 10,676 11,085 10978 11,710 11,088 11,269 11,114 
Academic institutions ................. 14,737 14449 16946 15962 16,920 16594 17,520 16,336 16,661 16,657 
Industry .............. 00 eee eee eee 1,315 1,348 1,287 1,048 1,165 1,229 1,437 1,202 1,366 1,426 
Nonprofit institutions .................. 2,321 2,027 2,276 2,087 2,164 2,195 2,399 2,353 2,415 2,360 

Academic citations to 

Allsectors .. 0.0... ccc ee ee eee 211,274 201,391 216,504 214,586 228,681 235,936 241,703 232,023 245,744 241,414 
PD cw ccccccccccccccccccccccece 5,089 4,183 4,142 4,015 4413 4,365 4,896 4,254 4517 4,611 
Federal Government ................. 17,980 17,084 18462 18,185 19,509 20,279 21,221 19,650 20,220 19,337 
Academic institutions ................. 165,370 159,388 172,370 171,246 181,916 186,773 189,331 182,699 193,146 189,436 
SE oc e406cved xebevnaueeneuees 7,895 7,125 7,459 7,264 8,017 8,448 9,251 8,451 9660 10,496 
Nonprofit institutions .................. 14,940 13,611 14,071 13,876 14826 16,071 17,004 16969 18,201 17,534 

Industry citations to 

ANGOCIOTS 2.0... ccc ccc ccc cece 16,653 14,746 16,329 14980 17,328 17,927 20,037 17,834 21,290 20.636 
FFRDCs ...... 2... cece eee eee eee 572 456 524 436 457 493 660 495 738 654 
Federal Government ................. 1,358 1,056 1,320 1,096 1,306 1,258 1,552 1,378 1,712 1,630 
Academic institutions ................. 6,655 5,741 6,472 6,036 6,966 7,363 8,252 7,669 9,286 9.511 
BEE 66044 45944540434050004 0888 7,569 7,072 7,515 6,989 8,123 8,248 8,866 7,499 8,629 7,916 
Nonprofit institutions .................. 499 421 498 423 476 565 707 793 925 925 

Nonprofit citations to 

SD nico 56 6-n444.0 0855000064000 22,031 20,345 23,034 24208 24961 24874 27,093 25,635 27,407 25,530 
FFRDCS ... 2... ccc ccc ee eee eee 227 1 141 162 176 199 258 188 178 169 
Federal Government ................. 2,473 2 223 2,568 2,579 2,633 2,628 2,726 2,528 2,635 2,351 
Academic institutions ................. 12,594 11894 13,788 14696 15,048 14955 16,243 15,291 16330 15,225 
SED 66 000.66 460%500600000455005% 529 449 483 482 570 619 694 658 650 701 
Nonprofit institutions .................. 6,208 5,636 6,054 6,289 6,534 6,473 7,172 6,970 7,614 7,084 


FFRDC = Federally funded research and development center. 


Notes: Data are based on the articles, notes, and reviews in over 2,100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of the Institute 
for Scientific Information. When an article is written by researchers from more than one sector, that article is prorated across the number of author institutions in each sector. 
Thus, if there are authors from two academic institutions and one FFRDC, the paper is counted as two-thirds of an academic paper and one-third of an FFRDC paper. Citations 
are counted in a 2-year-lag, 3-year rolling cycle. For example, for citing year 1982, citations to publications in years 1978-80 are counted. 


SOURCE: Computer Horizons, Inc., Science & Engineering Indicators Literature Data Base, special tabulations for NSF, 1989. 
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Appendix table 5-36. Characterization of citations appearing in engineering papers 
published in 1984, by category of research 


Category of research’ 
Engineering 
and 
Applied technological Applied research Basic 
technology = sciences and targeted scientific 
All research research basic research research 
Number of citations creamer 
Cited field 
Allfields .............. 88,504 15,835 43,527 18,468 10,674 
Engineering ........... 59,483 15,093 40,599 3,660 139 
Physics ............... 14,501 441 647 8,787 4,626 
Chemistry ............. 7,605 62 452 4,443 2,648 
Other ................ 6,915 239 1,829 1,578 3,261 
Percent of citations? ——-—--— 
Alifields .............. 100.0 17.9 49.2 20.9 12.1 
Engineering ........... 67.2 25.4 68.3 6.2 0.2 
Physics ............... 16.4 3.0 4.5 60.6 31.9 
Chemistry ............. 8.6 0.8 5.9 58.4 34.8 
Other ................ 7.8 3.5 26.4 22.8 47.2 
Percent of world papers in field? 
Field 
Engineering ........... 100.0 41.5 50.6 7.9 0.0 
Physics ............... 100.0 1.0 2.4 32.5 64.1 
Chemistry ............. 100.0 0.7 2.8 27.8 68.7 


‘Papers are given the categories of the journals in which they appear; journals are categorized from more applied to 
more basic research content. 

2Except for the “All” column, which has vertical percentage data, the columns show horizontal percentages, that is, the 
percentages of papers in each of the research categories, by field. 

3Distribution of world publications was determined for 1973-79. Data for more recent years suggest a similar distribution. 


Note: Citations in the citing year and all previous years (to 1973) were counted. Data are based on the articles, notes, 
and reviews in over 2100 of the influential journals carried on the 1973 Science Citation Index Corporate Tapes of the 
Institute for Scientific Information. 


SOURCE: Computer Horizons, Inc., special tabulations for NSF, 1988. 
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Appendix table 5-37. Academic patenting activity, by most active patent classes: 1971-88 


Total Yearly average’ 
Patent class and name 1971-88 1971-75 1976-80 1981-85 1986 1987 1988 


Number of patents 


Aliclasses ...................0..0205. 7,798 262 348 492 667 817 +&# 801 
Classes below ....................... 4,123 99 159 277 393 527 527 
514 Drug, bioaffecting and body treating 

compositions .................. 617 7 24 45 65 95 80 
435 Chemistry: molecular biology and 

microbiology .................. 546 10 16 37 62 83 
2 rere 416 13 15 26 53 49 47 
424 Drug, bioaffecting and body treating 

compositions .................. 372 7 14 29 31 52 39 
073 Measuring andtesting ............ 226 9 12 14 19 20 11 
436 Chemistry—analytical and 

immunological testing ........... 199 4 12 16 8 18 14 
250 Radiantenergy .................. 180 6 11 9 10 14 es 
204 Chemistry, electrical and wave energy 179 6 7 13 11 13 20 
530 Chemistry, lignins or reaction products 156 1 3 15 14 22 23 
324 Electricity, measuring and testing .... 136 3 4 7 15 29 21 
350 Optics, systems and elements ...... 139 2 5 8 18 14 29 
364 Electrical computers and data 

processing systems ............ 132 5 5 7 10 17 17 
356 Optics, measuring andtesting ...... 120 3 5 6 10 23 15 
210 Liquid purification or separation ..... 116 5 6 7 8 12 7 
536 Organic compounds, part of class 

532-570 series ................ 103 3 4 7 7 11 13 
604 Surgery...................0005. 102 1 2 7 11 16 22 
623 Prothesis, parts or aids and 

accessories ................... 90 4 3 5 12 11 12 
372 Coherent light generators .......... 85 3 3 5 11 12 
428 Stock material or miscellaneous 

PPP CPPTETerrerrrrr. 82 3 3 6 9 4 11 
437 Semiconductor device manufacturing: 

Process ............. 000. e eee 68 1 3 5 6 8 10 
358 Pictorial communication; television . . . 59 3 3 2 3 8 9 


‘These data are the average number of patents per year over 5-year periods, where indicated. To get total patents during those periods, 
multiply the yearly average by 5. The total column shows actual numbers of patents awarded. 


Note: Data are shown for the patent classes that accounted for 1 percent or more of total academic patenting activity by at least two of the 
following three measures: total patents 1971-88; total patents 1987; total patents 1988. 


SOURCE: U.S. Department of Commerce, Patent and Trademark Office, special tabulations for NSF, 1989. 
See text table 5-7. 
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Appendix table 5-38. Patents for top 10 patenting universities, by patent class, summed for 1986-88" 


University (number of patents awarded in 1988) 


All 10 Johns 
schools Univ of Stanford Univ of Hopkins Univ of Univ of Univ of Harvard 
Patent class and name* (317) MIT (63) Calif (59) | Univ(54) = Minn (26) (21) Florida(21) Wisc(20) Caltech(18) Texas(18) Univ (17) 
~ Number of patents, 1986-88 —— reat re - 

Total, allclasses ............. 867 171 181 135 70 57 44 48 68 65 28 

Total, classes below .......... 586 115 134 112 44 31 22 36 28 43 21 
435 Chemistry, molecular biology and 

microbiology ................ 97 15 33 8 7 2 1 13 2 10 6 
128 Surgery .................... 64 7 17 11 5 10 6 2 6 
514 Drug, bioaffecting and body 

treating compositions ......... 56 13 13 2 5 4 7 5 4 3 
424 Drug, bioaffecting and body 

treating compositions ......... 43 5 13 8 5 3 1 1 5 2 
324 Electricity, measuring and testing 41 2 26 4 1 1 2 1 3 1 
350 Optics, systems and elements .. 33 2 28 3 
356 Optics, measuring and testing .. 25 4 19 1 1 
073 Measuring andtesting ........ 21 5 6 3 3 1 3 
372 Coherent light generators ...... 18 4 1 8 5 
604 Surgery .................... 20 1 9 2 1 
364 Electrical computers and data 

processing systems .......... 19 2 3 6 3 2 2 1 

& 437 Semiconductor device 

manufacturing: process ....... 14 10 2 1 1 
250 Radiantenergy .............. 16 3 4 1 1 5 2 
530 Chemistry, peptides, lignins or 

reaction products ............ 21 3 5 4 4 5 
204 Chemistry, electrical and wave 

@NEMY ..... 2... eee eee eee 16 5 1 2 2 1 1 3 1 
436 Chemistry, analytical and 

immunological testing ......... 15 3 5 2 1 2 1 
428 Stock material or miscellaneous 

afticles .................... 13 8 2 1 1 1 
427 Coating processes ........... 11 8 2 1 
156 Adhesive bonding and 

miscellaneous chemical 

manufacture ................ 10 7 1 1 1 
260 Chemistry, carbon compounds . . 8 2 6 
528 Synthetic resins-class 520 ..... 7 6 1 
062 Refrigeration ................ 6 2 4 
556 Organic compounds-part of class 

ED occ ccseccccesevecess 7 4 1 2 
310 Electrical generator or motor 

Structure ........ 0... eee ee 5 4 1 


'The top 19 patenting schools in 1988 are used in this analysis. The 3-year period is used to partly smooth out year-to-year variability in the distribution of patent classes. A list of the top 10 patenting schools based on cumulative 
patents ducing the 3-year period would differ slightly from the list used here. 

2A patent class is included if at least one of the top 10 patenting universities in 1988 received four or more patents in that class during 1986-88 

Note: Biank cells indicate zero patents. 


SOURCE: U.S. Department of Commerce, Patent and Trademark Office, special tabulations for NSF, 1989. 3u5 


Appendix tabie 6-1. industry performance and funding of R&D in 


selected countries: 1970-89 
West United United 
France Germany Japan Kingdom _ States 
R&D performed by industry 
Millions in national currency — . 
1970 ............... 8,322 8,900 823,265 NA 18,067 
ee 9,336 10,521 895,020 NA 18,320 
OE 6 bacdtdeccsecess 10,570 11,170 1,044,928 830.5 19,552 
OE og avi sce se bweuns 11,524 11,761 1,301,927 NA 21,249 
ee 13,531 12,733 1,589,053 NA 22,887 
1975 ............... 15,617 14,469 1,684,847 1,340.2 24,187 
OD 6 acersecwneeess 17,992 15,300 1,882,231 NA 26,997 
1977 ............... 19,999 16,717 2,109,500 NA 29,825 
1978 ............... 22,500 NA 2,291,002 2,324.2 33,304 
1979 ............... 26,260 23,120' 2,664,913 NA 38,226 
1980 ............... 30,788 24806 3,142,256 3,303.0 44,505 
1981 ................ 36,805 26.610 3,629,793 3,792.0 51,810 
1982 ............... 43,351 28,778 4,039,018 3,978.0 57,995 
OE cvsexbeawepeeas 48,098 30,462 4,560,127 4,163.0 63,403 
ee 54,000 32,228 5,136,634 NA 71,470 
1985 ............... 63,000 36,640 5,939,947 5,100.0 78,208 
1986 ............... 67,100 37,996 6,120,163 6,075.5' 80,631 
GOT ganetesvarctece 70,900 40,280 6,494,300 NA 85,500’ 
1988 ............... NA NA NA NA 90,600 
GUD ib ksvceeewekes NA NA NA NA 95 ,350® 
R&D funded by industry 
Millions in national currency ———---- 
Gs ceaxeesceseene 5,465 7,419 NA NA 10,444 
1971 ..........000.. 6,094 8,594 896,451 NA 10,822 
0 Se 6,801 8.915 1,056,949 576.5 11,710 
WE 6.6604 5540006005 7,578 9,357 1,319,172 NA 13,293 
1974 .. 0... eee 8,770 10,095 1,626,151 NA 14,878 
GN 64 0604sedeecnns 10,229 11,514 1,715,604 877.9 15,820 
GD kanaxesedaacans 12,347 12,220 1,924,345 NA 17,694 
GUOU ein ebecsenacens 13,633 13,596 2,138,892 NA 19,629 
Peer 15,995 NA 2,330,556 1,564.3 22,450 
abs kecsceuaawes 19,019 18,505' 2,697,945 NA 26,082 
ee 22,269 19,895 3,194,605 2,203.0 30,914 
Oe 40 ides eeececsus 26,500 21,857 3,726,055 2,529.0° 35,946 
ee eer 32,201 23,560 4,160,607 2,699.0 40,101 
 Peerrrrr rrr re 36,638 25,141 4678482 2,869.0° 43,524 
Pere ee eee 40,700 26,990 5,278,561 NA 49,107 
eee 44,677 30,627 6,122,855 NA 52,358 
GU ccccdadetndeaxs 47,300 32,700 6,311,269 4,347.8 53,950 
SPPPPreeTeTrere 49,300 34,150? NA NA 56,722’ 
Peer errr rrr NA NA NA NA 60,4308 
__ PEYTERPe TTT eee NA NA NA NA 64,035° 
(continued) 
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Appendix table 6-1. (Continued) 


West United United 
France Germany Japan Kingdom States 
Gross domestic expenditures on R&D 
Millions in national currency 
1970 ,............. 14,956 13,903 1,355,505 NA 26,134 
1971 .............. 16,621 16,527 1,532,372 NA 26,676 
es 18,277 18212 1,791,875 1,354.6 28,477 
OD obs accevccves 19,789 19,232 2,215,836 NA 30,718 
1974 .............. 23,031 20990 2,716,032 NA 32,864 
OD ivcvsesevessee 26,203 22,968 2,974,573 2,296.0 35,213 
er 29,774 24,150 3,320,288 NA 39,018 
1977 .............. 33,185 25,733 3,651,319 NA 42,783 
EN 6avsea deus euss 37,671 NA 4,045,864 3,677.0 48,129 
ec cusesenvscee 44,123 32,869' 4,583,630 NA 54,933 
ere 51,014 36,000 5,246,247 NA 62,594 
rere 62,471' 39,000 5,892,356 6,134.0° 71,866 
BE su545409405008 74,836 41,700 6,528,701 NA 79,364 
1983 .............. 84,671 43,500 7,180,800 68125° 87,280 
SD 6 g-665600006-00.6 96,198 45,500 7,893,931 NA 97,793 
SN 6 veedenennvedn 105,917 51,000 8 890,299 8790.0 107,757 
1986 .............. 114,900 52900 9,192,900 9,029.0 112,497 
OT xe006seeussees 120,200 56,300? 9,836,600 NA 118,782’ 
ON cpcdceuaneseues NA NA NA NA 126,115°® 
Gl 0404552014808 NA NA NA NA 132,350° 


NA = Not available. 
‘Break in series trom previous year for which data shown. 
2National estimate or projection adjusted by the Organisation for Economic Co-operation and 
Development (OECD). 
3National data adjusted by OECD. 
“Provisional. 
®Estimated by NSF. 
7Preliminary. 
SOURCES: United States: NSF, Nationa/ Patterns of R&D Resources: 1989 (NSF 89-308), p. 39. 
Other countries: OECD, Scientific, Technological and industrial Indicators Division, “Main Science 
and Technology indicators: 1982-88," Vol. 1, pp. 19-20; and unpublished tabulations. 
See figure 6-1. 
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Appendix table 6-2. Expenditures for industrial R&D, 


by source of funds: 1960-89 
Current dollars Constant 1982 dollars' 
Federal Federal 
Total Company* Government? Total Company? Government® 
Millions of dollars 

1960 .......... 10,509 4,428 6,081 33,955 14,307 19,648 
1961 .......... 10,908 4,668 6,240 34,917 14942 19,974 
1962 .......... 11,464 5,029 6,435 35,892 15,745 20,147 
1963 .......... 12,630 5,360 7,270 38,981 16,543 22,438 
1964 .......... 13,512 5,792 7,720 41,032 17,589 23,444 
1965 .......... 14,185 6,445 7,740 41,992 19,079 22,913 
1966 .......... 15,548 7,216 8,332 44,474 20,641 23,833 
1967 .......... 16,385 8,020 8,365 45,590 22,315 23,275 
1968 .......... 17,429 8,869 8,560 46,194 23,506 22,688 
1969 .......... 18,308 9,857 8,451 46,023 24,779 21,244 
1970 .......... 18,067 10,288 7,779 42,986 24,478 18,508 
1971 .......... 18,320 10,654 7,666 41,280 24,006 17,274 
ee 19,552 11,535 8,017 42,056 24,812 17,245 
1973 .......... 21,249 13,104 8,145 42,893 26,451 16,441 
1974 .......... 22,887 14,667 8,220 42,415 27,181 15,234 
GRE éxasaecnas 24,187 15,582 8,605 40,781 26,272 14,509 
1976 .......... 26,997 17,436 9,561 42,805 27,645 15,159 
1977 .......... 28,825 19,340 10,485 44,330 28,746 15,584 
1978 .......... 33,304 22,115 11,189 46,115 30,622 15,493 
Peer 38,226 25,708 12,518 48,652 32,720 15,932 
1980 .......... 44,505 30,476 14,029 51,919 35,553 16,366 
1981 .......... 51,810 35,428 16,382 55,140 37,705 17,435 
1982 .......... 57,995 39,512 18,483 57,995 39,512 18,483 
1983 .......... 63,403 42,861 20,542 61,047 41,268 19,779 
1984 .......... 71,470 48,308 23,162 66,342 44,842 21,500 
1985 .......... 78,269 51,439 26,830 70,544 46,362 24,182 
eee 8.831 52,848 27,783 70,772 46,386 24,386 
1987 (prel.) ..... 85,500 55,500 30,000 72,661 47,166 25,495 
1988 (est.) ...... 90,600 59,100 31,500 74,752 48,762 25,990 
1989 (est.). .... 95,350 62,600 32,750 75,741 49,726 26,015 


‘See appendix table 4-1 for GNP implicit price defiators used to convert current dollars to constant 1982 
dollars. 


2includes al! sources other than the Federal Government. 
3Data include federally funded R&D centers administered by industry. 
Note: Detail may not add to tota! because of rounding. 


SOURCES: 1960-64: NSF, National Patterns of Science and Technology Resources: 1981 (NSF 81-311), 
p. 21; 1965-84: NSF, National Patterns of Science and Technology Resources: 1984 (NSF 84-311), p. 28; 
1985-89: NSF, National Patterns of R&D Resources: 1989 (NS 89-308), p. 39. 


See figure 6-2, and 0-24 in Overview. 
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Appendix table 6-3. Expenditures for industrial R&D, by industry: 1970-86 


1986 
Industry 1970 1972 1974 1976 1978 1980 1981 1982 1983 1984 1985 (prel.) 
-—___— Millions of dollars ——- a —_ 
WO acc esp cece eis recon a eaeeseuces 18,067 19,552 22.887 26.997 33,304 44505 51,810 57,996 63.403 71,471 78,268 80.631 
All high-technology manufacturing industries 13,685 14,558 16.799 19.810 23,904 31,939 38,354 43,813 47,926 54,262 59.819 59408 
Chemicals and allied products (SIC 28)... 1,773 1,932 2,450 3,017 3.580 4636 5625 6659 7293 8028 8690 9021 
Machinery (including computers) (SIC 35). 1,729 2,158 2985 3.487 4283 5901 6818 7,835 8386 9,667 10,853 10696 
Electrical equipment (SIC 36) .......... 4.220 4680 5,011 5636 6,507 9,175 10,329 11,642 13,950 15,694 17,055 18030 
Aircraft and missiles (SIC 372, 376) ...... 5.219 4950 5.278 6339 7,536 9,198 11,968 13,658 13,853 16,033 17,918 16,420 
Professional and scientific instruments (SIC 
Oe ccneecncheueeseaauscesessawes 744 838 1.075 1,331 1,998 3,029 3614 4019 4444 4840 5303 5421 
All other manufacturing industries ......... 3,677 4,287 5,320 6342 8,171 10,751 11,550 12,178 13,288 14,624 15,535 18507 
Food, kindred, and tobacco products (SIC 
OS cn weacnncecesveesaeeuveus 230 259 298 355 472 620 NA NA NA NA NA NA 
Textiles and apparel (SIC 22,23) ....... 58 61 69 82 89 115 NA NA NA NA NA NA 
Lumber, wood products, and furniture (SIC 
RD ooo e6 00h edees dees eceyene 52 64 84 107 126 148 161 162 169 181 172 NA 
Paper and allied products (SIC 26) ...... 178 189 237 313 387 495 NA NA NA NA NA 
Petroleum refining (SIC 29) ............ 515 468 622 767 1,060 1,552 Ne i NA NA NA NA 
Rubber products (SIC 30) ............. 276 377 469 502 493 656 | N.. NA NA NA 1075 
Stone, clay, and glass products (SIC 32) . . 167 183 217 263 324 406 ‘ rrA NA NA NA NA 
Primary metals (SIC 33)............... 275 277 358 506 560 728 = 876 200 «1,115 NA NA NA 
Fabricated metal products (SIC 34) ...... 207 253 313 358 384 550 624 568 604 716 628 622 
Motor vehicles (SIC 371) .............. NA 1,954 2,389 2,778 3,879 4,955 4806 4,807 5337 6,090 7,035 NA 
Other transportation equipment (SIC 
IG BP, ix a6 0 ode aeowdk deceives NA 56 87 94 131 162 NA NA NA NA NA NA 
Other manufacturing industries ......... 128 146 177 217 266 364 NA NA NA NA NA NA 
Nonmanufacturing industries ............. 705 707 768 845 1,229 1815 1,906 2,005 2189 2585 2914 2716 
— Millions of constant 1982 dollars 
WN ob b ace keen esa hoes see eeesceeene 42,986 42,056 42,415 42,805 46.115 51,919 55.140 57,996 61,047 66,343 70,543 70,772 
All high-technology manufacturing industries 32,560 31,314 31,132 31,410 33,099 37,260 40,819 43,813 46,145 50,369 53,915 52144 
Chemicals and allied products (SIC 28)... 4,218 4,156 4,540 4,784 4957 5408 5987 3,659 7,022 7,452 7,832 7918 
Machinery (including computers) (SIC 35). 4,114 4,642 5,532 5529 5930 6884 7,256 7,835 8074 8973 9,782 9388 
Electrical equipment (SIC 36) .......... 10,040 10,067 9,287 8936 9,010 10,703 10,993 11,642 13,432 14,568 15,372 15826 
Aircraft and missiles (SIC 372, 376) ...... 12,417 10,647 9,781 10,051 10,435 10,730 12,737 13,658 13,338 14,883 16,150 14,254 
Professional and scientific instruments (SIC 
OU ea ncceensidceussstescsenasass 1,770 1,803 1,992 2,110 2,767 3,534 3,846 4,019 4279 4493 4780 4758 
All other manufacturing industries ......... 8,749 9,221 9859 10,055 11,214 12,542 12,292 12,178 12,794 13,575 14,002 16244 
Food, kindred, and tobacco products (SIC 
ON Kn0 eed es hesecndeceinetesss 547 557 552 563 654 723 765 780 3=—.: 84 929 NA 
Textiles and apparel (SIC 22 ........... 23) 138 131 128 130 123 134 132 130 139 129 NA 
Lumber, wood products, and furniture (SIC 
ME 6b 05450500 aeacagees cnanas 124 138 156 170 174 173 171 162 163 168 155 NA 
Paper and allied products (SIC 26) ...... 424 407 439 486 536 577 NA 626 NA NA NA NA 
Petroleum refining (SIC 29) ............ 1.225 1,007 1,153 1,216 1,468 1,611 NA NA NA NA NA NA 
Rubber products (SIC 30) ............. 657 811 €59 796 683 765 NA NA NA NA NA 944 
Stone, clay, and glass products (SIC 32) .. 397 394 402 417 449 474 NA NA NA NA NA NA 
Primary metals (SIC 33) ............... 654 596 663 802 775 849 934 1,000 1,074 NA NA NA 
Fabricated metal products (SIC 34} ...... 493 544 580 568 532 642 664 568 582 #4665 566 546 
Motor vehicles (SIC 371) .............. NA 4,203 4,427 4405 5,371 5,780 5,115 4,807 5139 5653 6,341 NA 
Other transportation equipment (SiC 
PGA UE 06 onc 6 600650460%000005 NA 120 161 149 181 189 NA NA NA NA NA NA 
Other manufacturing industries ......... 305 314 328 344 368 425 NA NA NA NA NA NA 
Nonmanufacturing industries ............. 1,677 1,521 1,423 1,340 1,702 2,117 2,029 2,005 2,108 2400 2626 2384 
NA = Not available. 


‘See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCE: NSF. Research and Development in Industry, annual series. 


See figure 6-3, figure O-25 in Overview, and text table 6-1. 
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Appendix ‘able 6-4. Federal funding of industrial R&D, for selected industries: 1980-86 


1986 
Industry 1980 1983 1984 1985 (prel.) 
Millions of dollars ——————- 
Total 2... ccc cee cee cee eee cece eet eeeeeeeeeees 14,029 20,542 23,162 26,830 27,783 
Chemicals and allied products (SIC 28) .......... 0.20... cece eee eee 372 448 232 299 248 
Industrial chemicals (SIC 281-2, 286) ........... 0... eee ee ee eee 341 440 223 282 24/ 
Drugs and medicines (SIC 283) ........... 0.0. cece eee cece eee NA NA NA 2 NA 
Petroleum refining (SIC 29) .. 0.2... eee eee eee 151 NA NA NA NA 
Rubber products (SIC 30) ............ 0... cece eee eee tenes NA NA NA NA 300 
Primary metals (SIC 33) ............ 0.0 c cee eee cee cece eee eens 135 392 NA NA NA 
Ferrous metals and products (SIC 331-2, 3398-99) ................ 105 NA NA NA NA 
Nonierrous metals and products (SIC 333-6) .................... 30 NA 32 41 34 
Fabricated metal products (SIC 34) .............. 2.20. e cece eee eee 49 62 61 42 78 
Machinery (including computers) (SIC 35) ...................00 00, 647 1,131 1,216 1,536 1,456 
Electrical equipment (SIC 36) ........... 2... cece eee eee ee eee 3,744 5,286 5,956 7,032 7,569 
Radio and TV receiving equipment (SIC 365) ..................... 210 NA NA NA NA 
Communication equipment (SIC 366) ............. 2.2... ce eee eee 1,657 2,572 3,114 3,593 3,809 
Electronic components (SIC 367) ............ 0... eee eee eee ee 382 346 452 520 583 
Other electrical equipment (SIC 361-4, 369) ...................0.. 1,495 NA NA NA NA 
Transportation equipment (SIC 37) ............ 0. cee eee eee eee NA NA NA 14,659 14,841 
Motor vehicles and motor vehicle equipment (SIC 371) ............. 655 566 677 NA NA 
Aircraft and missiles (SIC 372,376) .............. 2c cece cece eee 6,628 10,405 12,228 13,726 12,099 
Professional and scientific instruments (SIC 38) ..................... 573 639 660 787 844 
Scientific and mechanical measuring instruments (SIC 381-2) ........ 350 NA NA NA NA 
Optical, surgical, photographic, and other instruments (SIC 383-7) .... 223 NA NA NA NA 
Nonmanufacturing industries .............. 0 ccc eee e eee 779 1,022 1,215 1,529 1,616 
— Millions of constant 1982' dollars — 
WE hen oN 6 beau s 06 440550440405 eee 9 EERE Seen ees 16,366 19,779 21,500 24,182 24,386 
‘Shemicals and allied products (SIC 28) ............... 20. e cece eee 434 431 215 269 218 
industrial chemicals (SIC 281-2, 286) ........... 0... 0. eee eee eee 398 424 207 254 #«217 
Drugs and medicines (SIC 283) ................ cc cece cece eee ee NA NA NA 2. NA 
Petroleum refining (SIC 29)... 2.0... cee eee ees 176 NA NA NA NA 
Rubber products (SIC 30) .... 0.0... ccc cee eee eee NA NA NA NA 263 
Primary metals (SIC 33) ............ 02. ccc cece cee eee 157 377 NA NA NA 
Ferrous metals and products (SIC 331-2, 3398-99) ................ 122 NA NA NA NA 
Nonferrous metals and products (SIC 333-6) ..................... 35 NA 30 37 30 
Fabricated metal products (SIC 34) ............. 0. cc ccc ce cece eee 57 60 57 38 68 
Machinery (including computers) (SIC 35) .............. 2.0.0 e eee 755 1,089 1,129 1,384 1,278 
Electrical equipment (SIC 36) .......... 0.0. cee eee ee cee eee 4,368 5,090 5,529 6338 6,644 
Radio and TV receiving equipment (SIC 365) ..................... 245 NA NA NA NA 
Communication equipment (SIC 366) ............. 0... cee eee eee 1,933 2,476 2,891 3,238 3,343 
Electronic components (SIC 367) .............. 2c eee eee eee 446 333 420 469 512 
Other electrical equipment (SIC 361-4, 369) ...................0.. 1,744 NA NA NA NA 
Transportation equipment (SIC 37) ........... 0. eee eee eee NA NA NA 13,212 13,026 
Motor vehicles and motor vehicle equipment (SIC 371) ............. 764 545 # £628 NA NA 
Aircraft and missiles (SIC 372, 376) ............. 0c cece cece eee 7,732 10,018 11,351 12,371 10,620 
Professional and scientific instruments (SIC 38) ..................... 668 615 613 709 £741 
Scientific and mechanical measuring instruments (SIC 381-2) ........ 408 NA NA NA NA 
Optical, surgical, photographic, and other instruments (SIC 383-7) .... 260 NA NA NA NA 
Nonmanufacturing industries .............0. 0. ccc cee eee eee 909 984 1,128 1,378 1,418 
NA = Not available. 


'See appendix table 4-1 for GNP implicit price deflators used to convert current dollars to constant 1982 dollars. 
SOURCE: NSF, Research and Development in industry (annual series). 
See text table 6-1. 
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Appendix table 6-5. Company funds for industrial R&D, by industry: 1970-88 


1986 1987 1988 


Industry 1970 1972 1974 1976 1978 1980 1981 1982 1983 1984 1985 (prel.) (est.) (est.) 
-~-Vianda————rr kre 

WO oo vei wae oes sn oun 10,283 11,535 14,667 17,436 22,115 30,476 35,429 39,513 42,861 48,309 51,436 52,846 55,500 59,100 
All high-technology 

manufacturing industries .... 6,833 7,468 9,599 11,373 14,383 19,975 24,156 27,529 30,016 33,971 36,439 37,189 40,185 43,646 
Chemicals and allied products 

(SIC 28) ............... 1,593 1,741 2,236 2,751 3,250 4,264 5,205 6,226 6845 7,797 8391 8,773 9,340 10,039 
Machinery (including 

computers) (SIC 35) ...... 1,469 1,758 2,473 2,955 3,901 5,254 6,124 6977 7,254 8452 9,317 9,239 10,792 12,334 
Electrical equipment (SIC36) . 2,008 2,313 2,704 3,081 3,741 5431 6409 7,048 8664 9,738 10,023 10,460 11,080 11,458 
Aircraft and missiles (SIC 372, 

376) 2... cece ee eee eee 1213 978 1,278 1,418 1,823 2,570 3,440 3,882 3,448 3,804 4,192 4,141 4,233 4,637 
Professional and scientific 

instruments (SIC 38) ...... 550 678 908 1,168 1,668 2,456 2,978 3,396 3,805 4,180 4,516 4,576 4,740 5,178 
All other manufacturing 

industries ................ 3,225 3,790 4,763 5,592 7,030 9,464 10,225 10,883 11,678 12,968 13,613 14,558 NA NA 
Food, kindred, and tobacco 

products (SIC 20, 21) ..... 222 258 #+%+:.}297 NA NA NA 636 762 £766 1,001 995 1,083 NA NA 
Textiles and apparel (SIC 22, 

Ue 9 00444640040400%4055 5 NA 61 NA NA NA NA 116 124 125 139 =$152 8 157 NA NA 
Lumber, wood products, and 

furniture (SIC 24, 25) ..... 52 NA NA 106 126 148 #161 162 169 #181 172 175 NA NA 
Paper and allied products 

(SIC 26) ............... NA NA NA NA NA 495 566 626 674 802 859 #887 NA NA 
Petroleum refining (SIC 29) .. 493 454 603 715 939 1,401 1,780 1,981 2,030 2,177 2,101 1,867 NA NA 
Rubber products (SIC 30) ... 205 255 NA NA NA NA 598 665 743 884 801 £776 NA NA 
Stone, clay, and glass 

products (SIC 32) ........ 156 168 NA NA NA 363 411 414 451 476 =488 489 NA NA 
Primary metals (SIC 33) ..... 265 264 #350 481 497 594 702 721 =722 $715 #$§.+(1753 809 NA NA 
Fabricated metal products 

(SIC 34) ............... 201 243 299 322 348 # 501 545 510 542 654 585 544 NA NA 
Motor vehicles (SIC 371) .... 1.2792 1,661 2,101 2,395 3,381 4,300 4,219 4329 4,771 5,413 6,208 7,253 7,164 7,331 
Other transportation 

equipment (SIC 373-5, 379) NA 29 40 NA NA 88 80 96 160 £153 138 137 NA NA 
Other manufacturing industries NA NA NA 212 266 339 411 +493 525 373 £361 # 381 NA NA 
Nonmanufacturing industries . . . 225 277 #=+%305 #$£$+:-471°« «3702 1,037 1,048 1,101 1,167 1,370 1,384 1,099 NA NA 

(continued) 
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Appendix table 6-5. (Continued) 


1986 1987 1988 


Industry 1970 1972 1974 1976 1978 1980 1981 1982 1983 1984 1985 (prel.) (est.) (est.) 
Millions of constant 1982 dollars’ 
0 24,466 24,812 27,181 27,645 30,622 35,553 37,706 39,513 41,268 44,843 46,360 46,385 47,166 48,762 
All high-technology 
manufacturing industries .... 16,257 16,064 17,789 18,032 19,916 23,303 25,709 27,529 28,900 31,533 32,843 32,642 34,151 36,012 
Chemicals and allied products 
(SIC 28) ............... 3,790 3,745 4,144 4,362 4,500 4,974 5540 6,226 6591 7,238 7,563 7,700 7,937 8,283 
Machinery (including 
computers) (SIC 35) ...... 3,495 3,781 4,583 4,685 5402 6129 6518 6977 6984 7,846 8397 8109 9,171 10,177 


Electrical equipment (SIC 36) 4,778 4,975 5,011 4,885 5,180 6336 6,821 7,048 8342 9,039 9,034 9,181 9416 9,454 
Aircraft and missiles (SIC 372, 


arr ror 2,886 2,104 2,368 2,248 2,524 2,998 3,661 3,882 3,320 3,531 3,778 3,635 3,597 3,826 
Professional and scientific 

instruments (SIC 38) ...... 1,309 1,458 1,683 1,852 2,310 2,865 3,169 3,396 3,664 3,880 4,070 4,017 4,028 4,272 
All other manufacturing 

industries ................ 7,673 8,152 8,827 8,866 9,734 11,041 10,882 10,883 11,244 12,038 12,269 12,778 NA NA 
Food, kindred, and tobacco 

products (SIC 20,21) ..... 528 555 550 NA NA NA 677 762 738 929 #$£=#897 _ 9651 NA NA 
Textiles and apparel (SIC 22, 

eer rer NA 131 NA NA NA NA 123 124 120 £129 137 = 138 NA NA 
Lumber, wood products, and 

furniture (SIC 24,25) ..... 124 NA NA 168 174 #173 171 162 163 168 155 154 NA NA 
Paper and allied products 

(SIC 26) ............... NA NA NA NA NA 577 602 626 649 744 +#++($.774 42=#779 NA NA 
Petroleum refining (SIC 29) .. 1,173 977 1,117 1,134 1,300 1,634 1,894 1,981 1,955 2,021 1,894 1,639 NA NA 
Rubber products (SIC 30) ... 488 549 NA NA NA NA 636 665 715 821 722 ~=« 681 NA NA 
Stone, clay, and glass 

products (SIC 32) ........ 371 361 NA NA NA 423 437 414 434 442 #440 429 NA NA 
Primary metals (SIC 33) ..... 631 568 649 763 688 693 747 721 695 664 #$ +679 + # 710 NA NA 
Fabricated metal products 

(| 478 523 554 511 482 584 + +=.580 510 522 607 #£=«527 # «477 NA NA 
Motor vehicles (SIC 371) .... 3,0412 3,573 3,894 3,797 4,682 5,016 4,490 4329 4594 5,025 5,595 6366 6,088 6,049 
Other transportation 


equipment (SIC 373-5, 379) NA 62 74 NA NA 103 85 96 154 142 124 #120 NA NA 
Other manufacturing industries NA NA NA 336 368 395 437 493 505 346 325 334 NA NA 


Nonmanufacturing industries .. . 535 596 565 747 972 1,210 1,115 1,101 1,124 1,272 1,247 965 NA NA 


NA = Not available. 
'GNP implicit price defiators used to convert current dollars to constant 1982 dollars. See appendix table 4-1. 
2includes other transportation equipment, for 1970. 
Note: Detai! may not add to total because of rounding. 
SOURCE: NSF, Research and Development in Industry (annual series). 
See text table 6-1. 
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Appendix table 6-6. U.S. patents granted, by nationality of inventor: 1970-88 


By date of grant By date of application 
Inventors from Inventors from 

AllU.S. United All other West United Other AllU.S. United Aliother West United Other 

patents States countries Japan Germany France Kingdom countries patents States countries Japan Germany France Kingdom countries 
1970.... 64,429 47,077 17,352 2,625 4,435 1,731 2,954 8,561 65,944 45,852 20,092 4,370 5,029 1,854 2,726 6,113 
1971.... 78,317 55,984 22,333 4,029 5,522 2,214 3,464 10,568 66,358 45,584 20,774 4,756 4,996 2,021 2,580 6,421 
1972.... 74,810 51,524 23,286 5,151 5,729 2,229 3,167 10,177 63,360 42,434 20,926 4,588 5,048 2,113 2,668 6,509 
1973.... 74,143 51,500 22,643 4,939 5,587 2,143 2,855 9,974 66,286 42,738 23,548 5,864 5,745 2,213 2,780 6,946 
1974.... 76,278 50,641 25,637 5,892 6,153 2,569 3,146 11,023 66,411 41,855 24,556 6,327 5,856 2,225 2,885 7,263 
1975.... 72,000 46,715 25,285 6,352 6,036 2,367 3,043 10,530 65,857 42,235 23,622 6,075 5,460 2,151 2,668 7,268 
1976.... 70,226 44,280 25,946 6,543 6,180 2,408 2,995 10,815 65,781 41,623 24,158 6,578 5,571 2,128 2,619 7,261 
1977.... 65,269 41,485 23,784 6,217 5,537 2,108 2,654 9,922 65,942 40,816 25,126 7,078 5,968 2,099 2,634 7,346 
1978.... 66,102 41,254 24,848 6,911 5,850 2,119 2,722 9,968 65,581 39,628 25,952 7,477 6,190 2,273 2,522 7,491 
1979.... 48,854 30,079 18,775 5,251 4,527 1,604 1,910 7,393 65,688 38,970 26,717 8,416 6,137 2,226 2,497 7,442 
1980.... 61,819 37,356 24,463 7,124 5,747 2,088 2,406 9,504 66,428 38,907 27,520 9,555 6,178 2,302 2,368 7,118 
1981.... 65,771 39,223 26,548 8,388 6,252 2,181 2,475 9,727 63,760 36,738 27,022 10,003 6,052 2,075 2,190 6,702 
1982.... 57,888 33,896 23,992 8,149 5,408 1,975 2,134 8,460 64,772 36,424 28,346 11,291 5,977 2,126 2,201 6,750 
1983 .... 56,860 32,871 23,989 8,793 5,423 1,895 1,931 7,878 61,329 34,382 26,942 10,740 5,466 2,077 2,136 6,524 
1984.... 67,200 38,365 28,835 11,110 6,255 2,162 2,271 9,308 66,908 36,159 30,733 12,398 6,261 2,245 2,366 7,464 
1985.... 71,661 39,554 32,107 12,746 6,665 2,400 2,495 10,296 72,275 37,997 34,263 14,629 6,888 2,406 2,432 7,908 
1986.... 70,860 38,124 32,736 13,209 6,803 2,369 2,409 10,355 75,679 38,957 36,723 15,628 7,017 2,592 2,513 8,972 
1987.... 82,952 43,517 39,435 16,557 7,821 2,874 2,779 12,183 79,074 40,639 38,435 16,734 7,106 2,561 2,652 9,382 
1988 .... 77,924 40,496 37,428 16,158 7,307 2,661 2,583 11,302 86,409 44,730 41,680 19,356 7,221 2,871 2,592 9,640 


Note: Estimates are made for 1981-88 for patenting by year of application. 


SOURCES: U.S. Department of Commerce, Patent and Trademark Office, Office of Technology Assessment and Forecast (OTAF), Special Report: A Profile of U.S. Patent Activity (1978); OTAF, indicators of Patent Output 
of U.S. industry, 1963-79 (June 1980); OTAF, Indicators of Patent Output of U.S. industry, 1963-81 (June 1982); OTAF, Patenting Trends in the United States, 1963-85 (May 1986); U.S. Department of Commerce, Patent 


and Trademark Office, Patenting Trends in the United States, 1963-88 (July 1989). 
See figures 6-4 and 6-5 and O-18 in Overview. 
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Appendix table 6-7. Patent classes most and least emphasized by U.S. 
corporations patenting in the United States: 1978 and 1988 


1978 1988 
Class activity activity 
Class number index index 


Most emphasized classes 
1. Mineral oils: processes and products 208 1.82 2.03 
2. Wells 166 1.77 1.94 
3. Chemistry: analytical and immunological testing 436 1.46 1.48 
4. Chemistry: molecular biology and microbiology 435 0.97 1.47 
5. Catalyst, solid sorbent, or support therefor, product or 
process of making 502 1.44 1.46 
6. Error detection/correction and fault detection/recovery 371 1.45 1.40 
7. Semiconductor device manufacturing: process 437 1.36 1.40 
8. Part of the class 520 series—synthetic resins or natural 
rubbers 521 1.23 1.40 
9. Glass manufacturing 065 1.16 1.38 
10. Electrical connectors 439 1.56 1.37 
11. Amplifiers 330 1.03 1.36 
12. Pulse or digital communications 375 1.13 1.36 
13. Multiplex communications 370 0.91 1.33 
14. Surgery 604 1.15 1.33 
15. Electrical computers and data processing systems 364 1.35 1.32 
16. Part of the class 520 series—synthetic resins or natural 
rubbers 525 1.33 1.32 
17. Drug, bioaffecting and body treating compositions 424 1.17 1.31 


18. Food or edible material: processes, compositions, and 


products 426 1.18 1.30 
19. Part of the class 520 series—synthetic resins or natural 
rubbers 528 1.28 1.29 
20. Compositions 252 1.33 1.29 
Least emphasized classes 
1. Fishing, trapping, and vermin destroying 043 0.38 0.22 
2. Motor vehicles 180 0.95 0.35 
3. Amusement devices, games 273 0.48 0.39 
4. Dynamic information storage or retrieval 369 0.63 0.43 
5. Photography 354 0.49 0.43 
6. Internal combustion engines 123 0.54 0.46 
7. Land vehicles 280 0.55 0.55 
8. Ships 114 0.47 0.56 
9. Amusement and exercising devices 272 0.38 0.56 
10. Dynamic magnetic information storage or retrieval 360 0.89 0.57 
11. Typewriting machines 400 1.20 0.60 
12. Winding and reeling 242 0.78 0.61 
13. Machine elements and mechanisms 074 0.92 0.64 
14. Geometrical instruments 033 0.59 0.64 
15. Photocopying 355 0.97 0.66 
16. Tools 081 0.79 0.67 
17. Chairs and seats 297 0.88 0.67 
18. Dentistry 433 0.76 0.69 
19. Radiation imagery chemistry—process, composition, or 
product 430 1.11 0.72 
20. Plastic article or earthenware shaping or treating: 
apparatus 425 0.92 0.73 


Notes: The activity index is the percent of the patents in a class that are granted to U.S. inventors and owned by U.S. 
corporations, divided by the percent of all patents that have U.S. inventors and U.S. corporate owners in that year. 
Listing is limited to U.S. patent office classes that received at least 200 patents, from all countries, in 1988. 


SOURCE: U.S. Patent and Trademark Office, Office of Documentation Information, Country Activity Index Data/Cor- 
porate Patents, report prepared for NSF (July 1989). 

See text table 6-2. 

Science & Engineering indicators— 1989 


Appendix table 6-8. Patent classes most and least emphasized by Japanese 
inventors patenting in the United States: 1978 and 1988 


1978 1988 
Class activity activity 
Class number index index 
Most emphasized cic sses 
1. Photocopying 355 2.60 3.23 
2. Dynamic information storage or retrieval 369 3.40 3.14 
3. Dynamic magnetic information storage or retrieval 360 3.28 3.08 
4. Photography 354 4.83 3.07 
5. Radiation imagery chemistry—process, composition, or 
product 430 2.93 2.64 
6. Recorders 346 1.76 2.62 
7. Typewriting machines 400 1.17 2.46 
8. Static information storage and retrieval 365 1.41 2.46 
9. Pictorial communication; television 358 2.24 2.43 
10. Motor vehicles 180 0.95 2.34 
11. Internal combustion engines 123 3.09 2.29 
12. Active solid-state devices e.g., transistors, solid-state 
diodes 357 2.13 1.90 
13. Machine elements and mechanisms 074 1.37 1.88 
14. Clutches and power-stop control 192 1.01 1.77 
15. Electricity, motive power systems 318 1.73 1.73 
16. Electrical generator or motor structure 310 1.79 1.69 
17. Registers 235 1.45 1.68 
18. Optics, systems and elements 350 1.69 1.63 
19. Stock material or miscellaneous articles 428 1.33 1.62 
20. Metal treatment 148 2.04 1.57 
Least emphasized classes 
1. Aeronautics 244 0.04 0.05 
2. Wells 166 0.00 0.07 
3. Ammunition and explosives 102 0.14 0.07 
4. Prothesis (i.e., artificial body members), parts thereof or 
aids and accessories therefor 623 0.00 0.09 
5. Bottles and jars 215 0.43 0.09 
6. Amusement and exercising devices 272 0.08 0.15 
7. Fishing, trapping, and vermin destroying 043 0.54 0.15 
8. Static structures, e.g., buildings 052 0.33 0.21 
9. Surgery 604 0.14 0.21 
10. Beds 005 0.05 0.23 
11. Geometrical instruments 033 0.50 0.24 
12. Tools 081 0.08 0.25 
13. Hydraulic and earth engineering 405 0.77 0.28 
14. Stoves and furnaces 126 0.17 0.29 
15. Mineral oils: processes and products 208 0.23 0.31 
16. Cleaning and liquid contact with solids 134 0.62 0.31 
17. Special receptacle or package 206 0.26 0.34 
18. Induced nuclear reaction, systems and elements 376 0.59 0.34 
19. Receptacles 220 0.46 0.35 
20. Dispensing 222 0.39 0.37 


Notes: The activity index is the percent of the patents in a class that are granted to Japanese inventors, divided by the 
percent of all patents that have Japanese inventors in that year. Listing is limited to U.S. patent office classes that 
received at least 200 patents, from all countries, in 1988. 


SOURCE: U.S. Patent and Trademark Office, Office of Documentation Information, Country Activity Index Data, report 
prepared for NSF (June 1989). 


See text table 6-3. 
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Appendix table 6-9. Patent classes most and least emphasized by West German 
inventors patenting in the United States: 1978 and 1988 


1978 1988 
Class activity activity 
Class number index index 
Most emphasized classes 
1. Printing 101 1.79 2.55 
2. Chemistry, fertilizers 071 1.11 2.37 
3. Part of the class 532-570 series—organic compounds 548 1.32 2.31 
4. Ammunition and explosives 102 1.60 2.27 
5. Part of the class 532-570 series—organic compounds 568 1.53 2.05 
6. Part of the class 532-570 series—organic compounds 560 1.39 1.96 
7. Solid material comminution or disintegration 241 1.87 1.87 
8. Plastic article or earthenware shaping or treating: 
apparatus 425 1.79 1.85 
9. Part of the class 520 series—synthetic resins or natural 
rubbers 528 1.82 1.84 
10. Brakes 188 1.81 1.83 
Least emphasized classes 
1. Fishing, trapping, and vermin destroying 043 0.14 0.00 
2. Wells 166 0.07 0.12 
3. Amusement and exercising devices 272 0.19 0.16 
4. Mineral oils: processes and products 208 0.27 0.17 
5. Amusement devices, games 273 0.05 0.19 
6. Beds 005 0.41 0.20 
7. Photocopying 355 1.02 0.23 
8. Recorders 346 1.30 0.25 
9. Communications, radio wave antennas 343 0.14 0.26 
10. Photography 354 1.71 0.31 


Notes: The activity index is the percent of the patents in a class that are granted to West German inventors, divided by 
the percent of all patents that have West German inventors in that year. Listing is limited to U.S. patent office classes 
that received at least 200 patents, from all countries, in 1988. 
SOURCE: U.S. Patent and Trademark Office, Office of Documentation Information, Country Activity index Data, report 
prepared for NSF (June 1989). 
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Appendix table 6-10. Patent classes most and least emphasized by French 
inventors patenting in the United States: 1978 and 1988 


1978 1988 
Seen fivit fivit 
Class number index index 
Most emphasized classes 
1. Induced nuclear reactions, systems, and elements ..... 376 2.89 4.65 
2. Clutches and power-stop control ................... 192 1.10 2.36 
3. Ammunition and explosives ....................4.. 102 0.66 2.32 
4. Pulse or digital communications .................... 375 2.04 2.25 
5. Rotary kinetic fluid motors or pumps ................ 415 0.57 2.21 
CD, ii oneness 6605544 45450440408 64K ENE 8S 188 2.41 2.12 
7. Pipe joints or couplings ..................02eee eee 285 0.67 2.12 
8. Part of the class 532-570 series—organic compounds 560 0.51 2.10 
DD Tn sd knn 0 000600605 0R0 0900600 see cesses 244 1.87 1.93 
10. Electricity, electrical systems, and devices ............ 361 0.89 1.90 
Least emphasized classes 
1. Amusement and exercising devices ................. 272 0.00 0.00 
2. Photocopying ... 2.0... cece cee ee ee eee eee 355 0.32 0.05 
3. Chemistry, fertilizers 2... 6... eee eee 071 0.48 0.09 
GEE cinvcchons 000 ends teqaseceeceaseeneceess 005 0.16 0.14 
5. Radiation imagery chemistry—process, composition, or 
PTT eT Trier rTrrrrrrrrrree 430 0.17 0.22 
6. Fishing, trapping, and vermin destroying ............. 043 0.20 0.22 
PMs oc Rene hoaseccreseccscccrcecescscceses 051 0.62 0.22 
8. Land vehicles, bodies, and tops ...................5. 296 0.17 0.23 
9. Photography ..... 0. ccc ccc ccc cece cece cece eeees 354 0.19 0.23 
10. Geometrical instruments ............... 0.0 c eee eee 033 0.50 0.25 
Notes: The activity index is the percent of the patents in a class that are granted to French inventors, divided by the 


percent of all patents that have French inventors in that year. Listing is limited to U.S. patent office classes that received 
at least 200 patents, from all countries, in 1988. 


SOURCE: U.S. Patent and Trademark Office, Office of Documentation information, Country Activity index Data, report 
prepared for NSF (June 1989). 
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Appendix table 6-11. Patent classes most and least emphasized by British 
inventors patenting in the United States: 1978 and 1968 


1978 1988 
Class number index index 
Most emphasized classes 
1. Brakes 188 2.38 3.14 
2. Glass manufacturing 065 2.31 2.27 
3. Drug, bioaffecting and body treating compositions 514 2.14 2.20 
4. Hydraulic and earth engineering 405 2.22 2.08 
5. Multiplex communications 370 0.49 1.98 
6. Compositions 252 1.45 1.86 
7. Drug, bioaffecting and body treating compositions 424 1.98 1.85 
8. Part of the class 532-570 series—organic compounds 568 0.93 1.85 
9. Power plants 060 1.14 1.80 
10. Aeronautics 244 1.12 1.77 
Least emphasized classes 

1. Electrical audio signal processing and systems, and 
devices 381 1.66 0.00 
2. Dynamic information storage or retrieval 369 0.73 0.20 
3. Fishing, trapping, and vermin destroying 043 0.00 0.23 
4. Mineral oils: processes and products 208 0.50 0.24 
5. Dentistry 433 0.27 0.28 
6. Tools 081 0.82 0.28 
7. Wumination 362 0.88 0.32 
8. Photography 354 0.25 0.32 
9. Recorders 346 0.28 0.36 
10. Electrical transmission or interconnection systems 307 0.80 0.37 


Notes: The activity index is the percent of the patents in a class that are granted to British inventors, divided by the 
percent of all patents that have British inventors in that year. Listing is limited to U.S. patent office classes that received 


at least 200 patents, from ali countries, in 1968. 


SOURCE: U.S. Patent and Trademark Office, Office of Documentation Information, Country Activity index Data, report 


prepared for NSF (June 1989). 
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Appendix table 6-12. National shares of patents g:"unted in the U.S., by country of residence of inventor, product field, and 


year of grant: 1978 and 1988 
All United West United Other 
Product field countries States Japan Germany France Kingdom Canada Switzerland countries 
1978 
Percent 
Alltechnologies' ...............-........ 66,102 624 10.5 8.8 3.2 4.1 1.9 2.0 7.1 
Food and kindred products .............. 436 64.0 9.6 5.0 2.3 5.3 25 4.1 7.1 
Textile mill products .................... 486 56.0 10.7 11.9 2.5 6.8 1.4 45 6.2 
Chemicals, except drugs & medicines ...... 9,963 59.2 9.9 11.6 3.7 5.0 1.1 3.0 6.5 
Drugs & medicines ..................... 1,289 523 10.9 10.6 6.0 7.4 1.4 4.0 75 
Petroleum & natural gas extraction & refining 872 84.3 2.3 2.6 2.1 2.2 3.0 0.3 3.2 
Rubber & miscellaneous plastic products ... 3,064 643 10.9 9.4 3.1 4.1 1.5 1.2 5.5 
Stone, clay, glass, & concrete products ..... 1,393 584 12.2 8.4 4.0 6.0 1.7 1.1 8.1 
Primary metals ....................045. 725 50.2 14.6 9.0 4.1 28 4.0 2.5 12.8 
Fabricated metal products ............... 5,637 69.6 5.7 7.1 3.2 3.4 2.6 1.5 6.8 
Machinery, except electrical (excl. office, 
& accounting machines) ..... . 13,500 58.7 8.9 10.8 3.1 41 2.2 2.3 9.9 
Office, computing, & accounting machines .. 1,456 64.1 15.4 6.3 3.0 3.2 0.8 2.1 5.2 
Electrical & electronic machinery, except 
communication equipment ............. 4,701 618 10.9 9.3 3.5 4.9 1.7 1.8 6.1 
Communication equipment & electronic 
i atidein neuen ee asnsieeés 6,593 63.9 145 5.6 3.7 3.7 1.8 1.3 5.5 
Motor vehicles and other transportation 
equipment, except aircraft ............. 2,540 628 11.0 10.1 3.0 45 1.9 1.2 5.6 
Aircraft & parts .. 2... 6.6. e eens 683 545 18.6 11.0 4.0 6.0 0.9 0.6 45 
Professional & scientific instruments ....... 7,249 613 15.3 7.9 2.5 3.6 1.2 2.1 6.0 
1988 
Percent — — 
All Dot we ceakne cies eesuesees 77,924 52.0 20.7 9.4 3.4 3.3 1.9 1.6 7.7 
Food and kindred products .............. 567 60.1 12.7 5.6 3.0 3.0 3.2 3.4 9.0 
Textile mill products .............56000e 498 478 26.1 9.8 4.0 4.0 1.2 3.0 4.0 
Chemicals, except drugs & medicines ...... 8,315 50.9 16.5 13.6 4.0 4.0 1.1 2.8 7.2 
Drugs & medicines ....... 2... .. cc eeeees 1,750 §3.4 143 8.0 43 4.3 1.2 2.9 11.6 
Petroleum & natural gas extraction & refining 786 742 106 3.3 3.7 3.7 2.3 0.6 1.7 
Rubber & misceliansous plastic products . 3,247 53.4 20.5 9.9 2.9 2.9 1.8 1.4 7.2 
Stone, clay, glass, & concrete products ..... 1,473 51.0 22.1 9.2 4.3 4.3 1.2 1.0 6.9 
Primary metals ..... 2... 6c cece eee es 775 485 222 94 43 4.3 2.1 1.5 7.7 
Fabricated metal products ............... 5,989 60.1 11.8 8.7 3.6 3.6 2.4 1.4 8.4 
Machinery, except electrical (excl. office, 
computing, & accounting machines) ...... 14,333 486 16.2 13.2 3.3 3.3 2.4 2.1 10.8 
Office, computing, & accounting machines 2,826 45 39.7 5.0 2.1 2.1 1.1 1.1 45 
Electrical & electronic machinery, except 
communication equipment ............. 5,651 508 22.1 10.1 3.7 3.7 1.6 1.4 6.7 
Communication equipment & electronic 
bas hahoacaecdoeenececess 10,670 483 30.4 6.3 3.8 3.8 1.5 0.8 5.0 
Motor vehicles and other transportation 
equipment, except aircraft ............. 3,159 43.3 25.8 12.6 3.7 3.7 2.1 0.9 8.0 
Aircraft & parts... 0... cece eee 888 41.0 29.6 13.4 4.6 46 0.8 1.0 5.0 
Professional & scientific instruments ....... 10,591 §22 25.1 7.1 2.9 3.5 1.7 1.4 6.0 


‘The total number of patents granted reported under “All technologies” is somewhat greater than the sum of the patents allocated to different product fields because some 
patents are not allocated to product fields. 


SOURCES: U.S. Department of Commerce, Patent and Trademark Office, Patenting Trends in the United States, 1963-1988 (June 1989); and unpublished data. 
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Appendix table 6-13. Businesses active in high technology, by industry 


Ratio of Percentage 
Total Small Large smail firms Total of companies 
industry firms’ firms? _ firms? to total companies‘ in each field 
Number———— Percent Number Percent 

Automation ............. 1,661 1,566 95 94 2,950 7 
Biotechnology .......... 438 414 24 95 717 2 
Chemicals ............. 430 382 48 89 970 2 
Computers ............. 2,033 1,896 137 93 3,108 8 
Defense ............... 101 85 16 84 394 1 
Pee 578 509 69 88 1,256 3 
Manufacturing .......... 482 454 28 94 847 2 
Advanced materials ...... 720 636 84 88 1,728 4 
Medical................ 832 788 44 95 1,385 3 
Pharmaceuticals ........ 192 178 14 93 439 1 
Photonics & optics ....... 896 867 29 97 1,518 4 
Services ............... 4,964 4,755 209 96 7,192 17 
Software ............... 5,971 5,844 127 98 7,194 17 
Subassemblies and 

components .......... 1,956 1,794 162 92 3,939 10 
Tests & measurement .. 1,579 1,508 71 96 2,427 6 
Telecommunications ..... 1,174 1,094 80 93 2,089 5 
Transportation .......... 262 225 37 86 837 2 
Holding companies ...... 2,080 1,117 963 54 2,280 6 

\ PRT rrry 26,349 24,112 2,237 92 41,270 100 


‘independent business comprised of one or more establishments. 


independent business with fewer than 500 employees. 


independent business with 500 or more employees. 


‘All establishments in data base whether independent or part of a larger business. 


Note: Because some companies reported activity in more than one high-technology indusiiy, the total number of companies 
reporting activity in these product groups is greater than the number of companies in the database. 
SOURCE: Derived trom the CorpTech data base, Corporate Technology information Services, inc., Wellesley Hills, MA (Rev 


3.3, March 1989). 
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Appendix table 6-14. Locations of businesses active in high 


technology, by state 
Total Small Large Total 
industry firms' firms? _firms® companies‘ 
Number 

California ....................... 4,079 3,864 215 6,040 
Massachusetts ................... 1,603 1,512 91 2,428 
New York ..................-205. 1,349 1,204 145 2,183 
New Jersey ..................... ga5 877 67 1,703 
TexaS . 2... eee eee eee 965 893 72 1,487 
Pennsylvania .................... 760 662 98 1,330 
Winois 2. ee eee ee eee 789 684 105 1,324 
Connecticut ..................... 786 718 68 1,196 
Oe 578 499 79 1,111 
All other states ................... 6,456 6,005 451 11,219 

WE 66neucceeussesectansceces 18,309 16918 1,391 30,021 

Percent 

California ...............0 0c ce eee 22 23 15 20 
Massachusetts .......... ........ 9 9 7 8 
New York 2... 20... cee cee 7 7 10 7 
New Jersey ..................... 5 5 5 6 
0 er ere 5 5 5 5 
Pennsylvania .................... 4 4 7 4 
WINOIS . cece eens 4 4 8 4 
Connecticut .................005. 4 4 5 4 
TT picppnngaeeseeeseeeeeuneaees 3 3 6 4 
All other states ................... 35 35 32 37 

tt aithaeeenasaneaenedadeous 100 100 100 100 


‘independent businesses comprised of one or more establishments. 

2independent businesses with fewer than 500 employees. 
independent businesses with 500 or more employees. 

‘All establishments in data base whether independent or part of a larger business SOURCE: Derived 


from the CorpTech data base, Corporate Technology information Services, inc., Wellesley Hills, 
MA (Rev 3.3, March 1989). 


See figure 6-6. 
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Appendix table 6-15. Revenues of companies active in high-tech 


fleids, operating in the U.S.: 1989 
Number of 

Revenue companies § Percentage of total 
Under $1 million .... 6.6... cece 6,191 24 
$1-2.5 milllON .. 2... 6. cc cece ee 4,622 18 
$2.5-S million ... 6... cece eee wees 3,313 13 
$5-10 millon . 200.6 cece 2,945 11 
$10-25 millon . 2.2.6.6 06 cece 3,028 12 
$25 - 50 million .... 2... 6 cece 1,604 6 
$50 - 100 million ........ 0... e cece 1,033 4 
$100 - 250 million .............000055, 962 4 
$250 - 500 million ...........0.00000055 523 2 
over $500 million ..........0.0.6 0. cece 1,822 7 

Wn 6.0556 600004066000060000066084 26,043 100 


Note: Not all companies in the CorpTech data base reported revenues. 


SOURCE: Derived from the CorpTech data base, Corporate Technology Information Services, Inc., 
Wellesiey Hills, MA (Rev 3.3, March 1989). 
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Appendix table 6-16. Ownership of companies active in 
high-tech fields operating in the U.S., by country of 


ownership: March 1969 
All 
high-tech Biotechnology 
Country companies companies 
Number - 
United States ..................... 27,709 635 
Foreign-owned .................... 2,312 82 
United Kingdom .................. 736 19 
PTT TTC Tee Tree re 480 12 
West Germany .................. 471 15 
0 ee eer errs 209 2 
Canada ...............c cece eens 185 1 
Switzerland ..................4.. 172 6 
The Netherlands ................. 132 8 
Sweden ................. cee eee 112 3 
East Asian NICs’ ................. 40 1 
incase s0eeendeesvarexiuns 30,021 717 
—— Percent—— 
United States ..................... 92 89 
Foreign-owned .................... 8 11 
United Kingdom .................. 2 3 
Range 4 e600 66400085 045450808 2 2 
West Germany .................. 2 2 
BED on cos cccceccrseroneseuses 1 (2) 
Canada ........... ccc cece eee 1 (2) 
Switzerland ..................... 1 1 
The Netherlands ................. (2) 1 
Sweden .............cccc cee eee (2) (2) 
East Asian NICs’ ................. (2) (2) 
 FPPPrrrrrrrrrrrrrr rrr 100 100 
‘East Asian newly industrialized countries include Hong Kong, Singapore, South 
Korea, and Singapore. The one biotechnology company is owned by South Korea. 
2Less than 0.05 percent. 


SOURCE: Derived from the CorpTech data base, Corporate Technology informa- 
tion Services, inc., Wellesley Hills, MA (Rev 3.3, March 1989). 
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Appendix table 6-17. New formations and closures of small high-tech establishments during 1981-86 


New formations Closures Net gain (loss) 
Estab- Estab- Estab- Formation/ 
Industry lishments Employees lishments Employees lishments Employees Closure ratio 
Number 
High-technology manufacturing industries' . . 15,727 258,043 9,404 162,214 6,323 95,829 1.7 
Guided missiles & spacecraft ........... 28 610 12 176 16 434 2.3 
Communications equipment & electronic 
components .............2.22-e0e 6,569 115,703 4,003 75,574 2,566 40,129 1.6 
Aircraft & parts ...............-00005- 665 9,732 400 9,694 265 38 1.7 
Office, computing, & accounting machines 2,003 41,137 730 13,253 1,273 27,884 2.7 
Drugs & medicines ................... 800 11,422 533 8,743 267 2,679 1.5 
industrial inorganic chemicals .......... 129 1,998 112 2,179 17 (181) 1.2 
Professional & scientific instruments ..... 4,676 60,751 2,940 40,269 1,736 20,482 1.6 
Ordnance and accessories ............ 251 3,681 170 2,822 81 859 1.5 
Engines & turbines ................... 209 3,681 121 1,525 88 2,156 1.7 
Plastic materials & synthetics ........... 397 9,328 383 7,979 14 1,349 1.0 
Technology-related service industries? ..... 42,600 342,813 19,294 159,119 23,306 183,694 2.2 
Computer & data processing services .... 21,925 176,237 6,238 60,513 15,687 115,724 3.5 
Engineering, architectural, & surveying 
re ee 19,866 157,246 12,372 88,772 7,494 68,474 1.6 
research organizations .............. 809 9,330 684 9,834 125 (504) 1.2 
All technology-related industries .......... 58,327 600,856 28,698 321,333 29,629 279,523 2.0 
All other small businesses ............... 1,965,755 13,724,805 1,627,051 10,887,430 338,704 2,837,375 1.2 
Total small businesses ................. 2,024,082 14,325,661 1,655,749 11,208,763 368333 3,116,896 1.2 


‘industries whose products meet the DOC-3 criteria for high-technology products. See U.S. Department of Commerce, international Trade Administration, An Assessment of 
U.S. Competitiveness in High Technology Industries (Washington, DC: Government Printing Office, 1983). 

2Service industries identified by the Small Business Administration as high technology, but excluding “business services, N.E.C” and “service industries, N.E.C.” 

Note: A small business establishment is defined as an independent company that has less than 500 employees or a company that is part of a larger enterprise that has less 
than 500 employees. 

SOURCE: U.S. Smail Business Administration, Office of Advocacy, special tabulations. 

See figure 6-7. 
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Appendix izbis 6-13. Employment in high-tech industries, by size of business and industry: 1980-86 


Small Distribution of 
establishments’ employment 
share of total by high-tech 

Small business Large business high-tech small business 

establishments' establishments? employment establishment 

Industry 1980 1986 1980 1986 1980 1986 1980 1986 

Percent 

High-tech manufacturing industries? .................. 601,586 739,422 2,976,980 3624605 168 169 525 486 

Guided missiles and spacecraft .................... 1,004 1,612 88,829 132,203 1.1 1.2 0.1 0.1 

Communications equipment and electronic components 266,521 320,128 962,250 1,204,653 21.7 210 233 21.0 

Aircraft and parts ........... 0. cece cece eee ees 44,558 50,941 507,756 570,547 8.1 8.2 3.9 3.3 

Office, computing, and accounting machines ......... 50,018 83,911 347,552 566,389 126 12.9 4.4 5.5 

Drugs and medicines .................c cece eens 31,362 35,010 196,572 202,795 138 14.7 2.7 2.3 

industrial inorganic chemicals ....................4. 7,084 5,703 54,399 55,309 11.5 9.3 0.6 0.4 

Professional and scientific instruments .............. 160,667 197,651 381,459 508,174 296 280 140 13.0 
Ordnance and accessories .................00000- 8,206 9,892 50,452 67,740 

Engines and turbines ............ 20... .. cece eee eee 6,066 7,222 171,696 139,063 3.4 4.9 0.5 0.5 

Plastic materials and synthetics .................... 26,100 27,352 216,015 177,732 108 13.3 2.3 1.8 

Technology-related service industries‘ ................ 544,109 781,527 466,090 743,053 539 513 475 51.4 

Computer and data processing services ............. 150,379 294,780 151,826 401900 498 423 13.1 19.4 

Engineering, architectural, and surveying services ..... 357,983 451,486 261,645 279,780 578 61.7 312 29.7 

Noncommercial educational, scientific, and research 
Organizations ............ 0. cece cece eee eee 35,747 35,261 52,619 61,373 405 36.5 3.1 2.3 
All technology-related industries ..................... 1,145,695 1,520,949 3,443,070 4,367,658 25.0 258 100.0 100.0 


‘Independent company with less than 500 employees or a company that is part of a larger enterprise that has less than 500 employees. 
independent company with 500 or more employees or a company that is part of a larger enterprise that has 500 or more employees. 
3industries whose products meet the DOC-3 criteria for high-technology products. See U.S. Department of Commerce, International Trade Administration, An Assessment of 
U.S. Competitiveness in High Technology Industries (Washington, DC: Government Printing Office, 1983). 
“Service industries identified by the U.S. Small Business Administration as high technology, but excluding “Business services, N.E.C.” and “Service industries, N.E.C.” 
SOURCE: U.S. Small 3usiness Administration, Office of Advocacy, special tabulations. 
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Appendix table 6-19. U.S. employment, by size 


of firm: 1976-86 
Firm size (number of employees) 
Less than 500 or Total 
500 greater employment 
Thousands —————— 
GD 55404 00d4adeserees 34,694 34,217 68,911 
CN cakeseee ese uakesewe 38,013 36,865 74,878 
Gece cdeeaseves seca 40,645 41,426 82,071 
ee 41,476 41,181 82,657 
ee ere 43,459 41,920 85,379 
1986.00... 0. eee eee 45,300 45,880 91,180 
Average annual growth 
Percent 
1976-86 ................ 2.70 2.98 2.84 
1976-80 ................ 4.04 4.90 4.47 
1980-86 ................ 1.82 1.72 1.77 
1984-86 ................ 2.10 4.62 3.34 


SOURCE: U.S. Smail Business Administration, Office of Advocacy, Handbook of 
Small Business Data 1988 (Washington, DC). 
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Appendix table 6-20. Change in status of high-tech establishments, number of establishments leaving small business 
category, and number of employees added per establishment, by industry: 1981-86 


Avg. increase 
Employees Employees increase in per 
Industry Establishments 1980 1986 number establishment 
Number 
High-technology manufacturing industries' ................... 655 59,284 105,452 46,168 70 
Guided missiles and spacecraft ...................0.0000- 1 30 100 70 70 
Communications equipment and electronic components ....... 296 28,141 53,081 24,940 84 
Aircraft and parts 2... .... 0... cece cece eee e eens 30 3,631 6,428 2,797 93 
Office, computing and accounting machines ................ 101 9,456 18,450 8,994 89 
Drugs and medicines ............. 0... ccc cece e eee eee 47 4,476 7,420 2,944 63 
industrial inorganic chemicals ...................:0ee eee 24 1,035 908 (127) 5 
Professional and scientific instruments .................... 117 10,563 15,519 4,956 42 
Ordnance and accessories ................ cc cece eee eee 6 825 1,334 509 85 
Engines and turbines ............... 0. cece cece eee eee 2 20 27 7 4 
Plastic materials and synthetics ......................005- 31 1,107 2,185 1,078 35 
Technology-related service industries? ...................... 540 30,027 52,325 22,298 41 
Computer and data processing services ................... 289 13,274 29,016 15,742 54 
Engineering, architectural, and surveying services ........... 234 14,794 20,151 5,357 23 
Noncommercial educational, scientific, and research 
EE chcentkineusienteseeeyeekeseas ee ses ¥8 17 1,959 3,158 1,199 71 
All technology-related industries ....................0. eee 1,195 89,311 157,777 68,466 57 


‘Industries whose products meet the DOC-3 criteria for high-technology products. See U.S. Department of Commerce, International Trade Administration, An Assessment of 
U.S. Competitiveness in High Technology Industries (Washington, DC: Government Printing Office, 1983) pp. 33-37. 
2Service industries identified by the U.S. Small Business Administration as high technology, but excluding “Business services, N.E.C.” and “Service industries, N.E.C.” 


Note: A smail business is defined as an independent company that has less than 500 employees or a company that is part of a larger enterprise that has less than 500 
employees. 
SOURCE: U.S. Smail Business Administration, Office of Advocacy, special tabulations. 
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Appendix table 6-21. Venture capital resources, commitments, 
and disbursements: 1978-87 


Disbursements 
excluding SBIC 
Net new private Total pool of straight debt lending* 
capital committed to Capital under = and leveraged buyout 


venture capital firms' | management financing 
Millions of dollars 
1978 oe eee 600 3,500 332 
st) 300 3,800 665 
TEE db dccccccccccececscees 700 4,500 799 
1981... eee eee 1,300 5,800 1,171 
SE -64.645600409.0000000664% 1,800 7,600 1,566 
ST stgadneekéeccinaweesss 4,500 12,100 2,457 
1984 2... cee 4,200 16,300 2,651 
1985 2.0... eee eee eee 3,300 19,600 2,272 
1986 .. eee eee 4,500 24,100 2,217 
OF hacesctcvcceeteceenes 4,900 29,000 3,281 


‘Total new private capital less capital withdrawals. 
2Debt financing by licensed Small Business Investment Corporations. 


Note: Data describe resources of venture capital firms reporting to Venture Economics, Inc. In 1984-85, the Venture 
Economics data base covered about 600 U.S. venture capital firms. 


SOURCE: Venture Economics, Inc., special tabulations prepared for NSF. 
See figure 6-8. 
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Appendix table 6-22. Venture capital investments, by industry: 1984-87 


Early stage investment' Later stage investment? 
1984 1985 1986 1987 1984 1985 1986 1987 
Millions of dollars 

ia i sb 05440046 eee ss dean eeesuseeeeees 1,027.6 684.4 9283 1,109.5 1,389.8 1,344.7 1,292.5 2,121.5 
Commercial communications, telephone, & data 

communications ....................006- 159.0 110.6 127.7 203.6 217.0 2083 2428 313.3 
Computers & computer-related .............. 387.3 2240 2543 2278 6804 530.7 4288 506.1 
Electronic components & other electronics ..... 174.9 110.1 141.1 117.2 1651.1 214.7 169.2 205.5 
Biotechnology ............... cee ceee eens 202 188 40.2 87.6 42.6 54.9 76.8 118.7 
Other medical/health related ................ 132.3 102.1 177.1 168.0 1085 119.2 122.8 2864.5 
Chemicals & materials ..................... 14.1 145 9.6 35.2 5.9 5.3 1.2 37.7 
Industrial automation ...................06! f 31.4 23.0 122 11.7 42.7 58.9 35.0 30.4 
Industrial equipment & machinery ............ 6.4 0.9 6.1 11.7 21.5 23.1 14.4 35.2 
ER noe 666 6-4 00604N8 60060000000 608008 46 6.8 0.3 6.5 20.4 15.9 14.1 38.8 
Consumer ............ 0. ccc eee e eee 34.7 3905 822 #1672 67.0 78.1 116.5 315.2 
ED waeykes 6440006 06506000 6006600400065 62.7 43.1 77.5 73.0 32.7 35.6 70.9 236.1 

Percent 

Commercial communications, telephone, & data 

communications ....................008- 15.5 162 13.8 18.4 15.6 15.5 18.8 14.8 
Computers & computer-related .............. 37.7 32.7 27.4 20.5 49.0 39.5 33.2 23.9 
Electronic components & other electronics ..... 17.0 16.1 15.2 10.6 10.9 16.0 13.1 9.7 
Biotechnology ................ ccc cece eee 2.0 2.7 43 7.9 3.1 4.1 5.9 5.6 
Other medical/health related ................ 129 149 19.1 15.1 78 8.9 9.5 13.4 
Chemicals & materials ..................... 1.4 2.1 1.0 3.2 0.4 0.4 0.1 1.8 
Industrial automation ...................06. 3.1 3.4 1.3 1.1 3.1 4.4 2.7 1.4 
Industrial equipment & machinery ............ 0.6 0.1 0.7 1.1 1.5 1.7 1.1 1.7 
DE ay oe cedeesessecceceenesceccececes 0.4 1.0 0.0 0.6 1.5 1.2 1.1 1.8 
GD nc ccc ccc cscs ccccccccccccces 3.4 45 8.9 15.1 48 5.8 9.0 14.9 
SE 0:0-0-0060406666904060026469.00000040465 6.1 6.3 8.3 6.6 2.4 2.6 5.5 11.1 
‘Early stage investment includes capital to develop prototypes, begin production, and initiate marketing. Research and development partnerships to 


launch new businesses are included. 


2Later stage investment provides capital for the expansion of firms that are already producing and marketing products. It includes bridge financing for 
firms that are going public, as well as research and development partnerships that fund new product development by established firms. 


Note: Percentages may not add to 100 because of rounding. 
SOURCE: Venture Economics, Inc., special tabulations prepared for NSF. 
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Appendix table 6-23. Venture-backed initial public offerings 


by small firms: 1984-87 
1984 1985 1986 1987 
Millions of dol 

Winks sxednessaswaedsessteskueeseeenss 4776 344.9 1443.8 1221.9 

Commercial communications, telephone, & data 
communications ..................02005. 465 662 663 2483 
Computers & computer-related .............. 257.9 131.7 376.1 301.1 
Electronic components & other electronics ..... 61.6 0.0 117.1 126.2 
Biotechnology ................ cee eee eeeee 12.7 0.0 269.5 121.2 
Other medicaifhealth ...................... 15.0 279 136.4 1342 
industrial automation ...................... 96 15.2 0.0 6 17.9 
Industrial equipment & machinery ............ 80 342 23.5 0.0 
DE ocueagcageverscevececeuceseese 603 544 1855 738 
DD Lnivdutenderecctecacdsedevesvereess 60 15.3 269.5 199.2 

Distribution by industry 
Percent 

Commercial communications, telephone, & data 
communications ................0.0 eee 97 19.2 46 203 
Computers & computer-related .............. 540 382 260 246 
Electronic components & other electronics ..... 12.9 0.0 8.1 10.3 
Biotechnology ............... cece eee eee 2.6 0.0 18.7 9.9 
Other medicaV/health ...................05. 3.1 8.1 94 11.0 
industrial automation ...................4.. 2.0 4.4 0.0 1.5 
industrial equipment & machinery ............ 1.7 9.9 1.6 0.0 
yah eedseeeeeseése0seeeseseeees 126 158 128 6.0 
SEE gepacevsedeacecececeaseetedeooenees 1.3 44 187 163 


Note: Percentages may not add to 100 because of rounding. 
SOURCE: Venture Economics, inc., special tabulations prepared for NSF. 
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Appendix table 7-1. Global production of manufactured products, by selected countries: 1970-86 


All West United United 
countries’ France Germany Japan Kingdom States Other Europe 
High-tech? production Millions of dollars 
1970 ........... 172,062 9,517 15,054 26,799 13,414 87,553 19,725 52,420 
1975 ........... 290,822 24,149 30,705 51,768 21,635 123,054 39,511 105,600 
1980 ........... 612,892 47,365 60,594 134,702 45,959 254,339 69,933 207,463 
1982 ........... 636,234 39,046 47,690 148,094 37,856 299,656 63,892 169,745 
1984 ........... 752,598 37,023 45,804 207,277 36,293 360,863 65,338 165,710 
1985 ........... 805,171 39,002 50,053 216,463 39,183 389,872 70,598 171,260 
1986 ........... 985,956 54,171 69,065 318,617 46,903 410,452 86,748 234,558 
Production shares Percent 
ae 100 6 9 16 8 51 11 30 
1975 ........... 100 8 11 18 7 42 14 36 
1980 ........... 100 8 10 22 7 41 11 34 
1982 ........... 100 6 7 23 6 47 10 27 
1984 ........... 100 5 6 28 5 48 9 22 
1985 ........... 100 5 6 27 5 48 9 21 
1986 ........... 100 5 7 32 5 42 9 24 
Non-high-tech 
production Millions of dollars 
1970 ........... 1,210,452 82,440 109,588 156,737 99.686 510,051 251,950 466,751 
1975 ........... 2,365,783 194,260 220,868 371,438 174,207 856,037 548,973 987,012 
1980 ........... 4,443,410 375,377 425,989 790,306 323,179 1,492,484 1,036,075 1,908,788 
1982 ........... 4,125,227 290,472 334,279 754,522 263,359 1,551,797 930,798 1,532,151 
1984 ........... 4,344,719 257,823 302,241 849,443 228,640 1,767,947 938,625 1,425,686 
1985 ........... 4,420,178 264,762 311,786 890,840 236,874 1,771,775 944,141 1,468,614 
1986 ........... 5,234,043 375,719 443,883 1,342,649 245,811 1,976,350 849,631 1,639,056 
Production shares Percent 
Dt cescecegeess 100 7 9 13 8 42 21 39 
1975 ........... 100 8 9 16 7 36 23 42 
1980 ........... 100 8 10 18 7 34 23 43 
1982 ........... 100 7 8 18 6 38 23 37 
1984 ........... 100 6 7 20 5 41 22 33 
1985 ........... 100 6 7 20 5 40 21 33 
1986 ........... 100 7 8 26 5 38 16 31 
Total manufactures 
production Millions of dollars 
1970 ........... 1,382,514 91,957 124642 183,536 113,100 597,604 271,675 519,171 
1975 ........... 2,656,605 218,409 251,573 423,206 195,842 979,091 588,484 1,092,612 
1980 ........... 5,056,302 422,742 486,583 925,008 369,138 1,746,823 1,106,008 2,116,251 
1982 ........... 4,761,461 329,518 381,969 902,616 301,215 1,651,453 994,690 1,701,896 
1984 ........... 5,097,317 294,846 348,045 1,056,720 264,933 2,128,810 1,003,963 1,591,396 
1985 ........... 5,225,349 303,764 361,839 1,107,303 276,057 2,161,647 1,014,739 1,639,874 
1986 ........... 6,219,999 429,890 512,948 1,661,266 292,714 2,386,802 936,379 1,873,614 
Production shares Percent 
1970 ........... 100 7 9 13 8 43 20 38 
1975 ........... 100 8 9 16 7 37 22 41 
1980 ........... 100 8 10 18 7 35 22 42 
1982 ........... 100 7 8 19 6 39 21 36 
1984 ........... 100 6 7 21 5 42 20 31 
1985 ........... 100 6 7 21 5 41 19 31 
1986 ........... 100 7 8 27 5 38 15 30 


‘includes, in addition to those shown here, Australia, Austria, Belgium, Canada, Denmark, Greece, iceland, ireland, Italy, The Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and Yugoslavia. 


2Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 
Note: Data are valued in current U.S. dollars. 
SOURCE: Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1988 and December 1988). 
See figure 7-2. 
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Appendix table 7-2. Exchange rates' of the 
U.S. dollar: 1980-87 


13- 
developed Canadian Japanese EC-12 
states? dollar yen  average® 


(1983 = 100) 
SD secceiveveves 100.2 84.7 150.8 86.1 
BD evcessncsvess 87.3 82.5 125.0 71.5 
SD covesesencees 81.7 94.9 95.5 63.9 
TEE. secveeseceses 88.8 97.3 92.9 78.9 
WEE scccccccncces 97.2 100.1 104.9 90.1 
. Sere 100.0 100.0 100.0 100.0 
GED cccccccnccees 106.8 105.1 100.0 113.2 
eee 110.5 110.8 100.4 117.8 
TED coccccccccces 92.7 112.7 70.9 92.3 
WEY ccccccncseces 82.7 107.6 60.9 79.2 


‘Foreign currency units per U.S. doliar. 


Japan, The Netherlands, Norway, Sweden, Switzerland, and the United Kingdom. 
Country weights are assigned by the amount of 1963 trade with the United States. 


3Based on Belgium, France, West Germany, Italy, The Netherlands, and the United 
Kingdom, with country weights assigned by the amount of 1963 trade with the United 
States. 


SOURCE: U.S. Department of Commerce, Office of Trade and investment Analysis, 


United States Trade Performance in 1987 (Washington, DC: U.S. DOC, 1988). 
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Appendix table 7-3. Ratio of high-tech production to all manufactured products production, by 
selected 


countries: 1970-86 
All West United United 
countries' France Germany Japan Kingdom States Other Europe 

Percent 
DT 648sa% bes ones 12 10 12 15 12 15 7 10 
1975 ............. 11 11 12 12 11 13 7 10 
1980 ............. 12 11 12 15 12 15 6 10 
1982 ............. 13 12 12 16 13 16 6 10 
1984 ............. 15 13 13 20 14 17 7 10 
1985 ............. 15 13 14 20 14 18 7 10 
1986 ............. 16 13 13 19 16 17 9 13 


' Includes, in addition to those shown here, Australia, Austria, Belgium, Canada, Denmark, Greece, iceland, Ireland, Italy, The Netherlands, 

New Zealand, Norway, Portugal, Spain, Sweden, Switzeriand, Turkey, and Yugosiavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 

SOURCE: Organisation for Economic Co-operation and Development, industrial Outiook Database (July 1988 and December 1988). 
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Appendix table 7-4. Home markets for high-tech products, by selected countries: 1970-86 


All West United United 

countries’ France Germany Japan Kingdom States Other 
Heme masiat Millions of dollars 
1970 2... cece eee 165,670 9,485 12,827 24,482 12,524 82,621 23,731 
SD bccnabecdevecussesees 273,066 23,307 25,495 44,895 19,424 111,568 48,377 
1980 2.0... eee eee, 578,134 46,955 53,389 110,733 43,346 236,629 87,082 
OD Rae ceandaecescaessees 597,889 37,840 39,433 119,910 36,840 283,948 79,918 
1984 2.0... cece eee 725,780 35,349 39,842 162,721 38,025 364,235 85,608 
We 64000 b006504060405056 779,658 $37,416 43,298 171,251 39,684 395,875 92,134 
OD 646640054.0204000008%62 961,337 54,439 59,638 261,643 46,819 423,538 115,260 
Relative size of each country’s Percent 
home market 
1970 2. cece eee eee 100 6 8 15 8 50 14 
SY o4%000000n0eh 00440044 100 9 9 16 7 41 18 
19BO 2.0. 100 8 9 19 7 41 15 
nn 005066600 600040480006 100 6 7 20 6 47 13 
GED cccecececesccsouscees 100 5 5 22 5 50 12 
GD 5S Senn cceeecsaeceeans 100 5 6 22 5 51 12 
GD on caceseccceseenceass 100 6 6 27 5 44 12 


‘ Includes, in addition to those shown here, Australia, Austria, Belgium, Canada, Denmark, Greece, Iceland, Ireland, Italy, The Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and Yugoslavia. 


Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 
SOURCE: Organisation for Economic Co-operation and Development, Industrial Outlook Database (July 1988 and December 1988). 
See figure 7-1. 
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Appendix table 7-5. Share of home market for high-tech products, supplied by domestic 


producers: 1970-85 
All West United United 
countries' France Germany Japan Kingdom States Other 

Home market shares Percent 

re re ee 85 77 77 94 83 95 47 
|): 78 76 71 93 71 92 39 
DE scuceesebesanuusececex 74 70 59 93 60 89 27 
1982 ..............2..008. 74 63 46 94 54 88 25 
0 ee eer ee 73 61 43 94 47 84 20 
PT nctsse¢bebedese<cteaee 73 60 43 94 45 84 19 


‘includes, in addition to those shown here, Australia, Austria, Belgium, Canada, Denmark, Greece, iceland, ireland, Italy, The Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzeriand, Turkey, and Yugosiavia. 


Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 
SOURCE: Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1988 and December 1988). 
See figure 7-5. 
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Appendix table 7-6. import share of U.S. market for high-tech 
products 


: 1970-86 
Source 1970 1980 1982 1984 1985 1986 
Percent 
U.S. origin... 2.6... ee eee. 95.0 882 878 83.7 836 818 
Allimports ................. 50 118 122 163 164 #«182 
PN 6 vcesevecdesxeeeeus NA 3.3 3.9 0.6 6.4 7.1 
seecdeeuneaeaeeees NA 48 4.4 5.0 5.4 58 
East Asian NiCs'.......... NA 2.0 2.1 3.1 2.8 3.3 
All other imports........... NA 1.7 1.8 2.1 18 1.9 
Billions of dollars 

U.S. home market ........... 82.7 236.6 283.9 3642 3959 4126 
U.S. firm shipments ........ 78.6 2086 249.4 304.7 331.1 337.5 
U.S. imports .............. 4.1 280 345 595 648 #175.1 
From Japan ............ NA 78 112 222 252 29.4 
From Europe ........... NA 114 124 183 21.3 24.1 
From East Asian NICs .... NA 4.7 §9 112 11.1 # 13.7 
From all other countries ... NA 4.1 5.0 78 7.2 7.9 

NA = Not available. 


‘The East Asian newly industrialized countries (NIC) include Hong Kong, Singapore, South Korea, 
and Taiwan. These four are also often referred to as the “Four Tigers.” 


SOURCES: Organisation for Economic Co-operation and Development, industrial Outlook 
Database (July 1988 and December 1988); U.S. Department of Commerce, international Trade 
Administration, United States Trade Performance in 1987; and U.S. Department of Commerce, 
International Trade Administration, Office of Trade and Investment Analysis, unpublished data. 
See figure 7-3. 
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Appendix table 7-7. import penetration of certain U.S. 
high-tech product markets: 1970, 1980, and 1986 


Product group 1970 1980 1986 
Percent 
All high-tech products ............. 49 11.5 18.1 
Drugs and medicines ............ 1.4 48 6.6 
Office machinery and computers . . 8.3 10.5 25.0 
Electrical machinery ............ 3.6 8.7 17.3 
Electronic components .......... 7.8 15.5 21.3 
Aerospace .................... 1.8 8.7 11.0 
Scientific instruments ............ 6.8 14.4 18.6 


SOURCE: Organisation for Economic Co-operation and Development, industrial 
Outlook Database (July 1988 and December 1988). 
See figure 7-4. 
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Appendix table 7-8. U.S. market share for high-tech 


products: 1970-86 
U.S. share’ 1970 1980 1982 1984 1985 1986 
Percent 
Global market ........... 51.0 41.0 47.0 48.0 51.0 42.0 
U.S. home market ........ 94.5 882 87.8 83.7 83.6 81.8 
Foreign markets ......... 10.1 11.9 143 146 16.1 11.1 


‘U.S. share of the global market represents U.S. production as a share of tota! 
Organisation for Economic Co-operation and Development production. Foreign 
markets are estimated by subtracting total U.S. consumption from global shipments 
(OECD production). U.S. share of foreign markets represents U.S. exports’ share 
of these foreign markets. 


Note: As identified by the OECD definition of “high intensity technology products” 
and the Department of Commerce's DOC-3 definition. 

SOURCES: Organisation for Economic Co-operation and Development, industrial 
Outlook Database (July 19868 and December); U.S. Department of Commerce, 
international Trade Administration, United States Trade Performance in 1987, and 
U.S. Department of Commerce, international Trade Administration, Office of Trade 
and investment Analysis, unpublished data. 

See figure O-22 in Overview. 
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Appendix table 7-9. U.S. exports of high-tech and other manufactured products as a percentage of shipments: 1978-86 


Product group 1978 1979 1980 1981 1€4 1983 1984 1985 1986 
Ratio of exports -  2duct shipments 
Fercent 
Ali manufactured products’ .............. 6.2 6.8 8.4 8.3 7.9 7.0 7.0 7.1 8.0 
All high-technology products? ............ 18.1 19.7 20.5 20.4 18.7 16.5 17.2 17.3 17.7 
Guided missiles and spacecraft ......... 8.4 6.9 75 47 8.5 6.6 5.5 47 3.4 
Communications equipment & electronic 
components ..................24.. 14.0 17.8 15.3 15.1 14.2 11.4 15.9 12.0 13.0 
Aircraftand parts .................... 35.3 31.6 33.6 35.8 30.3 24.2 25.6 27.9 25.8 
Office and computing machines ......... 25.1 25.7 28.3 27.7 25.2 21.3 32.1 27.6 30.0 
Ordnance and accessories ............ 21.5 23.9 20.7 18.9 18.0 22.7 19.5 15.0 15.0 
Drugs and medicines ................. 12.2 10.4 11.2 11.2 10.2 10.2 399 9.2 10.1 
industrial inorganic chemicals .......... 16.0 18.1 18.6 19.1 19.3 9.1 20.8 20.0 21.0 
Professional and scientific instruments ... 16.3 17.6 18.1 17.9 16.5 15.8 15.3 14.8 15.8 
Engines, turbines, and parts ........... 19.9 22.9 27.4 26.1 28.5 20.3 26.0 21.4 20.1 
Plastic materials, synthetics ............ 9.7 13.8 16.2 14.6 14.5 11.9 12.2 12.5 12.7 
Other manufactured products®............ 45 48 6.4 6.2 5.8 5.0 49 5.0 5.8 
Exports 
Millions of dollars 
All manufactured products’ .............. 94,500 116,600 155,808 166,849 151,264 143,495 158,449 161,974 179,937 
All high-technology products? ............ 34,837 43,523 54,710 60,391 56,111 60,158 65,510 68426 72,517 
Guided missiles and spacecraft ......... 635 603 749 557 1,133 994 962 827 664 
Communications equipment & electronic 
components .................0005- 6,759 8,327 10349 11,392 11,803 12,363 14,425 13,472 14,893 
Aircraftand parts ..................2.. 9,221 11,013 14,558 16,885 14,131 14,637 13,540 17,535 18,435 
Office and computing machines ......... 4,888 6,374 8,650 9,810 10,148 11,719 14,699 15,421 16,096 
Ordnance and accessories ............ 539 670 647 676 716 907 845 714 748 
Drugs and medicines ................. 1,492 1,652 1,983 2,220 2,329 2,564 2,672 2,724 3,136 
industrial inorganic chemicals .......... 1,999 2,575 2,892 3,111 3,017 3,070 3,543 3,335 3,470 
Professional and scientific instruments 4,663 5,521 6,490 7,078 7,005 6,867 7,198 7,134 7,816 
Engines, turbines, andparts ........... 2,362 2,935 3,603 3,831 3,601 3,016 3,234 3,127 2,757 
Plastic materials, synthetics ............ 2,279 3,853 4,789 4,831 4,228 4,021 4,392 4,137 4,502 
Other manufactured products? ............ 59.663 73,077 101,098 106,458 93,153 83,337 92,939 93,548 107,420 
Value of product shipments 
Millions of dollars 
All manufactured products’ .............. 1,522,900 1,727,200 1,852,700 2,017,500 1,908,300 2,045,300 2,274,900 2,280,184 2,260,315 
All high-technology products? ............ 192,678 220,373 266,409 296,639 310,179 364,930 380,109 395,818 410,035 
Guided missiles and spacecraft ......... 7,535 8,801 9974 11,795 13,359 15,164 17,354 17,741 19,435 
Communications equipment & electronic 
components ........... 0... cece ees 48.338 46,820 67,448 75,264 83,373 90,936 108,359 112,417 114,209 
Aircraftand parts ................005. 26,094 34,862 43,322 47,173 46,665 60,407 52,847 62,884 71,471 
Office and computing machines ......... 19,504 24,767 30,619 35,474 40,206 45,763 55,121 55,847 53,685 
Ordnance and accessories ............ 2,505 2,809 3,119 3,570 3,970 4,001 4,335 4,747 4,998 
Drugs and medicines ................. 12,277 15,866 17,772 19,877 22,840 25,017 26877 29,532 31,119 
industrial inorganic chemicals .......... 12,512 14257 15,570 16,295 15,637 33,807 17,066 16,705 16,550 
Professional and scientific instruments. . . . 28,560 31,359 35,865 39,490 42,404 43,561 47,196 48318 49,338 
Engines, turbines, and parts ........... 11,688 12,835 13,156 14,696 12,635 12,449 14,862 14,625 13,704 
Plastic materials, synthetics ............ 23,467 27,997 29,564 33,004 29,092 33,824 36,092 33,002 35,527 
Other manufactured products? ............ 1,330,222 1,506,827 1.586.291 1,720,861 1,598,121 1,680,370 1,894,791 1,884,366 1,850,280 


‘Data reported represent total shipments by manufacturers for a! manufacturing products. 
2U.S. Department of Commerce DOC-3 definition. 
3Data reported are calculated as the difference between shipments of “all manufactured products” and shipments of “all high-tech products.” 


SOURCES: U.S. Department of Commerce (DOC), international Trade Administration, U.S. Trade Performance in 1985 and Outlook, U.S. DOC, international Trade 
Administration, Office of Trade and investment Analysis, unpublished data; U.S. Bureau of the Census, Statistical Abstract of the United States, 1986 (Washington, DC: 
Government Printing Office, 1987); U.S. Bureau of the Census, Annual Survey of Manufactures, Value of Product Shipments (M86{AS}-2), 1988 and previous editions and 
Siatistics for Industry Groups and Industries, 1988. 


See figure 0-23 in Overview. 
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Appendix table 7-10. Exports of high-tech products, by selected countries: 1970-86 


All West United United 
countries’ France Germany Japan (Kingdom States Other Europe 
Millions of dollars 

Exports 
ee 31,871 2.241 5,127 3,840 3,054 9,020 8589 17,792 
DN scoaceeseestaxs 77,942 6,467 12,723 9,487 7,759 20,282 20,864 46,183 
1980 ............... 185,975 14,425 29,046 31,338 20,168 44,869 46,129 105,414 
nt ccseeerveuseses 192,464 15,102 29.612 35,798 18,037 50.234 43,681 101,225 
1964 ........... .... 221,521 15,410 28,585 54,100 18,432 56,540 48,454 104,272 
DE évcctceroseckes 237,575 16,556 31,466 55,531 21,333 59.243 53,446 115,981 
1966 ............... 289,481 20,360 41,937 69,105 25,304 63,483 69,292 149.672 
Share of total high-tech Percent 
DT <iguseeaauseewks 100 7 16 12 10 28 27 56 
1978 ............... 100 8 16 13 10 26 27 59 
1980 ............... 100 8 16 17 11 24 25 57 
SE ccccvecssusevws 100 8 15 19 3 26 23 53 
TT 100 7 13 24 8 26 22 47 
1985 ...........000. 100 7 13 23 9 25 22 49 
rer 100 7 14 24 9 22 24 52 


‘includes, in addition to those shown here, Australia, Austria, Beigium, Canada, Denmark, Greece, iceland, ireland, Italy, The Netherlands, 

New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and Yugosiavia. 

Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 

SOURCE: Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1988 and December 1988). 
Science & Engineering indicators— 1989 


Appendix table 7-11. Ratio of high-tech product exports to total exports of manufactured 


by selected countries: 1970-86 
All United United 
countries’ Fre-we oa Japan Kingdom States Other Europe 
Percent 
SEE oeesesececcoens 16 14 16 20 17 26 11 14 
SE o60e0ceesscoese 16 14 15 18 19 25 11 14 
TP ecccccceccocese 17 14 16 c4 21 27 11 1§ 
GT écccccccceceece 19 18 18 26 4 31 12 16 
1984 2.0... eee eee 21 18 18 32 26 34 12 16 
TD ecncncéeesseoee 22 19 18 32 27 36 13 17 
SED Baceceecdcceces 22 19 18 33 28 37 14 18 


‘includes, in addition to those shown here, Australia, Austria, Belgium, Canada, Denmark, Greece, iceland. Ireland, Italy, The Netheriands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzeriand, Turkey, and Yugosiavia. 


Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 
SOURCE: Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1988 and December 1988). 
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Appendix tabie 7-12. Ratio of exports to production for high-tech products, by selected 


countries: 1970-86 
All West United United 
countries' France Germany Japan Kingdom States Other Europe 
Percent 
eee 19 24 34 14 23 10 44 34 
DT wtecusceteésew@s 27 27 41 19 36 16 53 44 
1980 ............... 30 30 48 23 44 18 66 51 
ere ree 30 39 62 24 48 17 68 60 
BEE cccccecévccceces 29 42 62 26 51 16 74 63 
DED abs cécceccesece 30 42 63 26 54 15 76 68 
Dt ppicasndaseeees 29 38 61 22 54 15 80 64 


"includes, in addition to those shown here, Australia, Austria, Beigium, Canada, Denmark, Greece, iceland, ireland, Italy, The Netheriands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and Yugosiavia. 


Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 
SOURCE: Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1988 and December 1988). 
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Appendix table 7-13. ei << ee 


countries: 
All West United tJnited 
countries' France Germany Japan Kingdom States Other Europe 
Percent 
re sboeetecccateos 23 31 52 17 29 11 77 51 
ME sBeeébooodteces 37 37 71 23 56 20 112 78 
SP neseheedeaccece 44 44 92 30 78 21 194 103 
SE be dbbécodececee 43 63 164 32 91 20 216 148 
Wer adabedecocecoce 42 71 166 35 103 19 287 170 
UE. chdececcccecses 42 74 169 35 120 18 312 210 
Se ebvbedsecedeese 42 60 155 28 117 18 397 176 


‘includes, in addition to those shown here, Australia, Austria, Beigium, Canada, Denmark, Greece, iceland, Ireland, Italy, The Netherlands, 
New Zealand, Norway, Portugal, Spain, Sweden, Switzeriand, Turkey, and Yugosiavia. 


Note: Uses the Organisation for Economic Co-operation and Development definition of “high intensity technology products.” 
SOURCE : Organisation for Economic Co-operation and Development, industrial Outlook Database (July 1988 and December 1988). 
See figure 7-6. 
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Appendix table 7-14. U.S. trade in high-tech and other manufacturing product groups: 1970-87 


High-tech Non-high-tech Total U.S. manufactures 
Exports imports Balance Exports imports’ Balance Exports imports Balance 
Billions of dollars 

1970 (est.)..... 10.3 4.2 6.1 19.0 22.8 -3.8 29.3 27.0 2.3 
1971 (est.)..... 11.4 49 6.5 19.0 27.4 -8.4 30.4 32.3 -1.9 
1972 (est.)..... 11.9 6.3 5.6 21.8 33.7 -11.9 33.7 40.0 -6.3 
1973 (est.)..... 15.9 7.9 8.0 28.8 39.8 -11.0 44.7 47.7 -3.0 
Ee 21.5 9.8 11.7 42.0 49.7 -7.7 63.5 59.5 4.0 
See 22.9 9.5 13.4 48.1 45.5 2.6 71.0 55.0 16.0 
SR 25.6 13.2 12.4 51.6 56.4 -48 77.2 69.6 7.6 
ee 27.3 15.3 12.0 52.9 66.6 -13.7 80.2 81.9 -1.7 
Se 34.8 20.3 14.5 68.8 90.6 -21.8 103.6 110.9 -7.2 
ae 43.5 22.8 20.8 89.1 101.0 -11.9 132.7 123.8 8.9 
1980 ......... 54.7 28.0 25.7 106.0 110.8 -4.7 160.7 138.8 22.0 
SE 4c 4000's 60.4 33.8 26.6 111.4 122.5 -11.2 171.7 156.4 15.4 
BE s vsvne<es 58.1 34.6 23.6 97.2 123.6 -26.4 155.3 158.1 -2.8 
ree 60.2 41.4 18.8 88.3 137.1 -48.8 148.5 178.5 -30.0 
1984 ......... 65.5 59.5 6.0 98.1 182.4 -84.3 163.6 241.8 -78.2 
et 68.4 64.8 3.6 99.5 204.7 -105.2 167.9 269.5 -101.6 
1986 ......... 72.5 75.1 -2.6 107.4 233.8 -126.3 179.9 308.9 -128.9 
re 84.1 83.5 0.6 116.0 254.3 -138.3 200.0 337.7 -137.7 


NOTE: Uses U.S. Department of Commerce DOC-3 definitions. 


SOURCES: U.S. Department of Commerce, international Trade Administration, United States Trade Performance in 1987. and U.S. Department 
of Commerce, unpublished data. 
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Appendix table 7-15. U.S. trade in high-tech product groups, by region: 1978-87 


Japan Other developed countries East Asian NICs' Other countries 
Exports Imports Balance Exports imports Balance Exports Imports Balance Exports imports Balance 
Billions of dollars 

Wed ibs 46a00.00808 2.36 7.12 -4.76 17.56 7.63 9.93 2.41 3.50  -1.09 12.50 2.04 10.46 
SPER ee ee 3.38 7.04 -3.66 22.44 9.08 13.36 3.64 402 -0.38 14.06 2.62 11.44 
Nc iedcavecdenese 4.06 7.84 -3.77 28.41 11.44 16.97 4.51 469 -0.17 17.73 4.06 13.67 
Re eee 4.85 10.73 5.88 31.27 12.85 18.42 4.32 5.49 -1.17 19.95 4.76 15.19 
Bebb 1654046066503 4.81 11.25 6.45 28.80 12.40 16.40 4.53 5.88 -1.34 19.97 4.99 14.99 
DU cissendsheeeess 5.61 14.44 8.83 30.79 12.83 17.97 5.71 8.19 -2.48 18.04 5.94 12.10 
BE 6 e4b'p 0-060 6008 6.15 2218  -16.04 34.19 18.29 15.90 6.38 11.19  -4.81 18.79 7.79 10.99 
Saree 6.61 25.17 -1856 35.41 21.26 14.15 6.26 11.13 -4.87 20.15 7.22 12.93 
Bs unki cde cht bones 755 2942 -2187 3833 24.13 1420 6.61 13.63 -7.02 20.03 7.94 12.09 
er 855 39047 -2192 44.14 2560 18.54 8.37 17.68  -9.31 23.01 9.73 13.28 


'The East Asian newly industrialized countries (NIC) include Hong Kong, Singapore, South Korea, and Taiwan. These four are also often referred to as the “Four Tigers.” 
Note: Uses U.S. Department of Commerce DOC-3 definitions. 


SOURCES: U.S. Department of Commerce, international Trade Administration, United States Trade Performance in 1987. and U.S. Department of Commerce, International 
Trade Administration, Office of Trade and investment Analysis, unpublished data. 
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Appendix table 7-16. U.S. direct investment position abroad in manufacturing, in selected nations and 


product groups: 1966-87 
1966 1970 1975 1980 1981 1982 1983 1964 1985 1986 1987 
Millions of dollars 
Total manufacturing .................eeeeeeee 20,740 31,049 55,886 89,161 92,386 83,452 82,907 85,865 94,107 104,887 126,640 
Total major countries ..................00ee 13,541 19,135 32,975 46,040 51,709 45,994 47,284 48,430 54,840 61,784 75,489 
Pn css cavvcbcsnccevessveceserese 6,697 8,971 14,691 18,877 19,812 18,825 19,209 20,986 21,831 23,406 25,800 
tls cia casey eganeaunseras aun 1,162 1,612 3,844 5916 5,519 4318 4,017 3996 4948 6095 8,374 
West Germany ................0c cee eeee 1,748 2,675 5328 9,657 10,049 9,089 9,223 8860 10,717 12,951 15,974 
United Kingdom .............cceeeeeeees 3,568 4,909 7,555 8618 13,093 10,704 10,920 10,512 12,760 13,889 18,268 
lenses ku cas oneestienss bare 366 768 1,557 2,972 3,236 3,058 3,915 4,076 4,584 5443 7,073 
Other Asian-Pacific ..................006- 405 729 1,503 2,567 2,911 2,705 2,761 3,476 3,716 4432 5,264 
Other countries ............. 0. cece cece eee 7,199 11,914 22,911 43,121 40,677 37,458 35,623 37,435 39,267 43,103 51,151 
Total chemical products ..............2..005- 3,840 5,665 11,107 18,888 20,176 18,274 18,788 19,200 20,273 22,741 26,914 
Total major countries ................ceseee 2,079 2,796 5,252 8,790 9,347 8,636 9,374 9,437 10,209 11,475 13,695 
I aad oscastuekecdautyeseeaseuse 1,058 1,320 2,268 3,402 3,719 4,178 4,546 4,777 4,794 4847 4,916 
ans os ohn encedhaekrsacesahe 164 299 592 1,049 1042 797 745 688 794 1,139 1,703 
West Germany .................e ee eeee 179 295 770 1,500 1,633 1,092 1,137 961 1,131 1,706 1,975 
United Kingdom ................0e cece 591 702 1,262 2,139 2,189 1,791 1,798 1,800 2,179 2,192 3,008 
Redes ies se nd geneabeadiaekesvets 87 180 360 700 764 #778 1,148 1,211 1,311 1,591 2,093 
Other Asian-Pacific ...............cceeeee NA NA 378 703 767 642 699 957 1,026 1,204 1,480 
Other countries ... 0.0... ccc eee ee eee 1,761 3,069 5,855 10,098 10,829 9,638 9,414 9,763 10,064 11,266 13,219 
Total machinery ............ 0. ccc cece eee eens 5,033 7,842 15,595 23,371 24,253 21,132 21,622 23,009 27,502 29,806 37,128 
Total major countries ...............0ceeeee 3,585 NA 9,750 14,243 14,389 11,925 12,476 13,296 16,038 18,020 NA 
ns 4 at 0'04066000apenuaneeesterees 1,345 1,773 3,042 3,161 3,619 3,302 3,671 4,085 4,113 4444 5,160 
reer err eer ee 443 620 1,415 2,610 2,405 1,716 1,507 1,561 2,244 2,779 3,692 
West Germany ................0.ec eens 526 973 2,101 3,390 3,197 3,009 3,172 3,177 4,190 4,566 5,934 
United Kingdom ...............c cece eens 1,049 1,590 2405 3,739 3,755 2,552 2,544 2,723 3,496 3,944 5,103 
RR er en ere 222 NA 787 1,343 1,413 1,346 1,582 1,750 1,995 2,287 NA 
Other Asian-Pacific ............... 0. cc eee 83 171 542 947 1,079 1,243 1,316 1,733 1,872 2,253 2,700 
Other countries 0.0.0.0... 0... cece cece eens 1,448 NA 5,845 9,128 9,864 9,207 9,146 9,713 11,464 11,786 NA 
NA = Not available. 


Note: Certain data are withheld by the U.S. Department of Commerce to avoid disclosure of data for individual companies. 


SOURCES: U.S. Department of Commerce, Bureau of Economic Analysis, Selected Data on U.S. Direct Investment Abroad, 1976-78; U.S. DOC, Bureau of Economic Analysis, 
Survey of Current Business (February 1961), pp. 50-51; U.S. DOC, Bureau of Economic Analysis, Survey of Current Business (annual, August issues); and U.S. DOC. 
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Appendix table 7-17. Country locations of U.S. parent companies’ foreign affiliates, 


by industry: 1986 
Other 
Asian & Latin 
Industry Total Canada Europe Japan Pacific America 
Millions of dollars 
All manufacturing industries .................. 474,697 56,943 208,124 50,549 20,237 79,268 
High-tech manufacturing industries ............. 189,721 16,465 89,847 22,684 10,064 26,039 
Radio, TV, and communication equipment ..... 23,188 2,019 9,835 2,324 2,974 4,272 
Electronic computer and accessories ......... 8,130 575 3,080 1,102 1,354 712 
Office and computing machines ............. 57,838 3,419 29,931 8601 2,872 3,916 
Drugs and medicines ...................... 28,948 1671 13,775 3,421 1,016 5,968 
industrial chemicals and synthetic ............ 48,644 7,159 20,362 3,883 1,345 8,638 
instruments and related products ............ 22,973 1,622 12,864 3,353 503 2,533 
Other manufacturing industries ................ 284,976 40,478 118,277 27,865 10,173 53,229 
Percent 
All manufacturing industries .................. 100.0 12.0 43.8 10.6 4.3 16.7 
High-tech manufacturing industries ............. 100.0 8.7 47.4 12.0 5.3 13.7 
Radio, TV, and communication equipment ..... 100.0 8.7 42.4 10.0 12.8 18.4 
Electronic computer and accessories ......... 100.0 7.1 37.9 13.6 16.7 8.8 
Office and computing machines ............. 100.0 5.9 51.7 14.9 5.0 6.8 
Drugs and medicines ...................... 100.0 5.8 47.6 11.8 3.5 20.6 
industrial chemicals and synthetic ............ 100.0 14.7 41.9 8.0 2.8 17.8 
Instruments and related products ............ 100.0 7.1 56.0 14.6 2.2 11.0 
Other manufacturing industries ................ 100.0 14.2 41.5 9.8 3.6 18.7 


SOURCE: U.S. Department of Commerce, U.S. Direct investment Abroad, Table 5, Preliminary 1986 estimates. 


See figure 7-8. 
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Appendix table 7-18. U.S. parent total assets, foreign affiliate assets, 
and the ratio of parent foreign assets to total assets: 1986 


Ratio foreign 
U.S. parent Foreign affiliate assets to 
Industry assets assets parent assets 
—Millions of dollars— —Percent— 
All manufacturing industries ......... 1,408,850 474,697 33.7 
High-technology manufacturing 
industries ................0008. 462,815 192,575 41.6 
Radio, TV, & communication 
equipment ................06. 134,929 23,188 17.2 
Electronic computer & accessories 23,450 8,130 34.7 
Office & computing machines ..... 99,249 57,838 58.3 
Drugs & medicines .............. 57,474 28,948 50.4 
Industrial chemicals & synthetics 90,228 48,644 53.9 
Instruments & related products 50,236 22,973 45.7 
Engines & turbines .............. 7,249 2,854 39.4 
Other manufacturing industries ...... 946,035 282,122 29.8 


SOURCE: U.S. Department of Commerce, U.S. Direct Investment Abroad, Table 2, Preliminary 


1986 estimates. 
See figure 7-7. 
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Appendix table 7-19. U.S. receipts and payments of royalties and fees associated 
with unaffiliated foreign residents: 1972-87 


All West United Other 

countries Canada Germany France Kingdom Japan countries 
Receipts Millions of dollars 
re 655 38 56 42 63 240 216 
GP osccvessitares 712 32 63 43 75 273 226 
1974 ..........0.. 751 38 78 46 71 249 269 
a ee 757 38 81 47 79 219 293 
197@ ............. 822 45 83 57 72 246 319 
GE vc ckénuborcaas 1,037 42 92 48 82 275 498 
GE ox icnéones vas 1,180 61 119 47 93 343 517 
SD < ne ntende veas 1,204 43 109 54 102 343 553 
1980 ............. 1,305 68 145 144 113 403 432 
) eee 1,490 69 101 133 119 423 645 
ae 1,669 71 105 119 122 502 750 
BEE 5-0 woah vececes 1,679 79 136 136 134 523 671 
1984 ............. 1,709 84 127 105 133 549 711 
OE cc ccenutartes 1,899 101 112 122 126 606 832 
ea ee 1,885 98 114 100 108 679 786 
GR oc-cicaavseves’s 2,122 157 128 100 112 750 875 
Payments 
SE é xe tewns<eneen 139 6 29 13 44 6 41 
SR a aides aca mee 176 6 37 16 53 13 51 
GE vcacecethense 186 7 34 14 67 12 
DE cecedeseseses 186 9 32 15 76 9 45 
SP si sseuteasoes 189 9 34 14 77 13 42 
nT eonsaeasinaee 262 8 31 14 72 16 121 
Se «566 senaaeen 277 10 27 16 84 15 125 
DD + ccevevéen ees 309 16 40 17 93 15 128 
SE cone deianaake 297 18 61 31 96 20 71 
PRN 289 13 43 30 99 37 67 
BE: 6.cu0 seddetue 292 10 35 22 94 31 100 
ae. 318 10 35 29 90 53 101 
Se ee 359 11 59 32 85 63 109 
a eee 425 10 47 25 123 66 154 
Se sccbeyaeuases 437 9 87 31 74 100 136 
ST 6066 c400%00% 563 19 124 44 104 108 164 
Balance 
Fee 516 32 27 29 19 234 175 
SE wvebsceshetes 536 26 26 27 22 260 175 
GED cwabivtisevce 565 31 44 32 4 237 217 
errr er 571 29 49 32 3 210 248 
SP icaavaceceaun 633 3% 49 43 § 233 277 
a ee 775 34 61 34 10 259 377 
nb cheneasaeee 903 51 92 31 9 328 392 
eer 895 27 69 37 9 328 425 
Sr: 1,008 50 84 113 17 383 361 
St + hd adeeb es oe 1,201 56 58 103 20 366 578 
CD iinbcda se sence 1,377 61 70 97 28 471 650 
Se $dktsen0see ee 1,361 69 101 107 44 470 570 
Ferner 1,350 73 68 73 48 486 602 
SD aindacvba vies 1,474 91 65 97 3 540 678 
Fa 1,448 89 27 69 34 579 650 
WEE icdewecerdsc 1,559 138 4 56 8 642 711 


Note: Data do not include transactions involving services. 
SOURCE: U.S. Department of Commerce, Bureau of Economic Analysis, unpublished data. 
See figure 7-9. 
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Appendix table 7-20. Defiators for the GNP, exports, and imports: 1968-87 


Calendar year GNP Export price import price 

deflator’ deflator deflator 
1968 ... 20... cece eee 0.3773 0.3520 0.2660 
1969 .... 2... eee eee, 0.3978 0.3660 0.2740 
ee ere 0.4203 0.3870 0.2900 
W971 oe ee eee eee 0.4438 0.4040 0.3020 
SN 6 cin gu eeesdeeetsxKs 0.4649 0.4170 0.3200 
ree 0.4954 0.4710 0.3550 
Ph cveuguecensaweseues 0.5396 0.5630 0.5040 
ere rrr 0.5931 0.6210 0.5410 
1976 .. 0... ee eee eee 0.6307 0.6480 0.5570 
DD occu cudvcewvesssss 0.6728 0.6800 0.5980 
1978... eee ee eee 0.7222 0.7280 0.6580 
ins od5cneenneecesess 0.7857 0.8160 0.7710 
1980 ............. eee 0.8572 0.9020 0.9600 
1981.2... 2. ee eee eee 0.9396 0.9750 1.0160 
1982 .. 0... eee eee 1.0000 1.0000 1.0000 
hee0664aeeteuaseuse% 1.0386 1.0130 0.9740 
1984.0... eee ee eee 1.0773 1.0320 0.9710 
errr 1.1095 1.0130 0.9480 
1986 ............. 0. eee 1.1393 0.9970 0.9210 
1987 ............ 2 cece, 1.1767 1.0020 0.9760 


‘As of August 16, 1988. 


SOURCES: U.S. Department of Commerce, Survey of Current Business and Commerce News; and Council 
of Economic Advisers, Economic Report of the President (Washington, DC: Government Printing Office, 1988). 
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x table 7-21. New technology sales agreements between 
Japan and the U.S., and Japan with other countries: 1975-86 


Number of agreements 
PE <640 56066004600 00cSk%44045 58 444 
PD ono4000sssade4eubskeeseues 166 515 
i scagannegantneeeseensteavs 88 516 
iD capadaueasseeeenetuasasuss 102 625 
SD 56.5 06450400000400004500064 144 629 
DP ¢5.544£0466000e005 0000404448 164 872 
ME ou5 6006646446065 406442445 182 935 
SD ob ¥6nee0hossuuseneneeesteces 206 872 
SD $.6.04600%000450000606456806 386 1,768 
SE 944.040640044604600000040468 197 1,150 
CE 0 o6-00060009008400580406084 261 1,248 
SD 5446550064005060645040%00 238 1,492 
Value of agreements 
Millions of 1980 yen ————— 
 PPPrerrerrrerr errr rrr eee 1,652 2,668 
SE 0064440504 b004000400060040 2,254 1,423 
GY 06:00000.60000006000000008.05 3,027 2,018 
ME 56404606¢66606000000600806 6,524 2,460 
SE 00-4 eeecseneedeseecsceceses 6,750 1,661 
OD 00666006 606sedsesesecssecs 6,100 3,600 
SE 0.5bo9000000000000604055048 10,271 4,845 
SE Gedenedeesseenccescenccess 8,183 7,422 
SE 0.66g600650.040000008500040% 11,143 4,816 
SE vocbebévesesdcestnsecesees 11,269 4,441 
SEE on. 00cectsceseeesegsceseces 6,743 9,303 
SD 60560606 404049044040654480 8,018 NA 


NA = Not available. 


SOURCES: Government of Japan, Statistics Bureau, Management and Coordination Agency, 
unpublished statistics; updates and deflators provided by NSF, Division of international Programs, 
Tokyo Office. 
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Appendix table 7-22. New technology purchase agreements between 
Japan and the U.S., and Japan with other countries: 1975-86 


Number of agreements 
ee 476 208 
ns rtaebubeineseaee utnsesaee 313 163 
ic aktutduenssdcsesdescsesues 357 187 
i esteuhckexicesd sabes 46 eee 497 331 
i vtesuceunnieekeshe ene das4s 680 177 
Ce ccbceseseeesesesskensi0 ees 396 179 
eee 443 253 
SD is cine e4i5000190s eased n0s4e 554 235 
nn ceatahdeeendekn enets o4eks 591 272 
i vecciecehedaseseaedeuaes ss 716 297 
MNS ia ddieeGecdesesenbesnex ees 771 370 

Value of agreements 
—— Millions of 1980 yen —— 

Pins eeeebvesdsesx eeeee ees 9,403 4,193 
i cchedesesesieee eeioncu>24 15,421 3,321 
Rien b.6606000006066.000604.-05 8,969 6,054 
thence herein es eeneteewe 28,984 6,631 
Pins centeckeeschebeseceeenes 22,118 3,323 
PS > $'0669.0.490006000000600088 19,900 4,900 
0 Rr err ee re rrr rr 16,844 2,323 
Pb ocegehseestseseeseeestece 32,414 4,943 
MC-c554000660600006000005668 32,453 5,189 
MAe 65440600008615 506 00600008 22,050 4,336 
Mein chedssdtesecdccceecesoes 21,889 4,884 
PAS 606000.54620040¢960900962¢¢ NA NA 


NA = Not available. 


SOURCES: Government of Japan, Statistics Bureau, Management and Coordination Agency, 
unpublished statistics; updates and defiators provided by NSF, Division of international Programs, 
Tokyo Office. 
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Appendix table 7-23. implicit GDP price indices: 1961-87 


United West United 
States Canada Germany France Kingdom Japan 
(1980 = 1.00) 

1981 ......... 1.079 1.108 1.032 1.040 1.118 1.115 
1962 ......... 1.148 1.206 1.051 1.086 1.259 1.201 
19863 ......... 1.185 1.263 1.059 1.121 1.379 1.262 
1984 ......... 1.230 1.309 1.072 1.143 1.479 1.313 
1985 ......... 1.268 1.353 1.089 1.168 1.566 1.390 
1966 ......... 1.301 1.391 1.108 1.205 1.649 1.442 
1987 ......... 1.347 1.450 1.111 1.226 1.698 1.506 
GDP = gross domestic product. 


SOURCE: Organisation for Economic Co-operation and Development, Economics and Statistics 
Department; Main Science and Technology indicators. 
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Appendix table 7-24. Growth rates in real GNP: 1961-87 


United West United 
States Canada Germany France Kingdom Japan 
Percent change 

1981 ......... 1.9 3.0 0.0 1.2 1.2 3.7 
1982 ......... -2.5 -3.4 -1.0 25 1.0 3.1 
1983 ......... 3.6 3.7 1.9 0.7 3.7 3.2 
1984 ......... 6.8 6.1 3.3 1.4 2.2 5.1 
1985 .......... 3.0 4.3 2.0 1.7 3.7 4.7 
1986 ......... 2.9 3.0 2.5 2.1 2.3 2.5 
1987 (prel.) ... 2.9 3.7 1.7 1.6 3.5 3.6 


SOURCE: Council of Economic Advisers, Economic Report of the President (Washington, DC: 
Government Printing Office, 1988), table B-111, p. 374. 
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Appendix table 7-25. Prospects for U.S. sales of manufactured products in the global marketplace, by industry 


Somewhat Somewhat 
Industry Total Favorable favorable Unfavorable Favorable favorable Unfavorable 
Millions of dollars Percent 
For expansion overseas' 
All manufacturing industries ................. 136,434 58,410 53,884 24,139 43 39 18 
High-tech manufacturing industries ........... 47,182 26,707 12,854 7,622 57 27 16 
Aircraft and parts ....................... 12,756 7,658 2,609 2,488 60 20 20 
Office and computing machines ............ 12,616 7,507 3,599 1,510 60 29 12 
Instruments and related products ........... 7,466 4,439 1,922 1,105 59 26 15 
Electronic computer and accessories. ....... 5,806 2,125 2,610 1,072 37 45 18 
Communication equipment ............... 3,168 1,240 1,010 919 39 32 29 
industrial inorganic chemicals ............. 2,978 1,937 713 328 3=—s«6 24 11 
Drugs and medicines .................... 2,392 1,801 391 200 75 16 8 
Other manufacturing industries .............. 89,252 31,703 41,030 16,517 36 46 19 
For expansion in U.S. market* 
All manufacturing industries ................. 292,252 161,701 35,914 94,637 55 12 32 
High-tech manufacturing industries ........... 52,860 32,484 5,724 14,653 61 11 28 
Aircraft and parts ...................2005. 5,556 3,945 106 1,504 71 2 27 
Office and computing machines ....... ..... 13,526 8,293 1,922 3,311 61 14 24 
instruments and related products ........... 10,499 8,233 1,043 1,224 78 10 12 
Electronic computer and accessories. ....... 12,323 5,441 1,556 5,326 44 13 43 
Communication equipment ............... 6,182 3,403 1,052 1,728 55 17 28 
industrial inorganic chemicals ............. 2,756 1,389 28 1,339 50 1 43 
Drugs and medicines .................... 2,018 1,780 17 221 88 1 11 
Other manufacturing industries .............. 239,392 129,217 30,190 79,984 54 13 33 
Total 
All manufacturing industries ................. 428,686 220,111 89,798 118,776 = §1 21 28 
High-tech manufacturing industries ........... 100,042 59,191 18,578 22,275 59 19 22 
Aircraft and parts ................000005. 18,312 11,603 2,715 3,992 63 15 22 
Office and computing machines ............ 26,142 15,800 5,521 4,821 60 21 18 
Instruments and related products ........... 17,965 12,672 2,965 2,329 71 17 13 
Electronic computer and accessories. ....... 18,129 7,566 4,166 6,398 42 23 35 
Communication equipment ............... 9,350 4,643 2,062 2,647 50 22 28 
industrial inorganic chemicals ............. 5,734 3,326 741 1,667 58 13 29 
Drugs and medicines .................... 4,410 3,581 408 421 81 .] 10 
Other manufacturing industries .............. 328,644 160,920 71,220 96,501 49 22 29 


‘The market condition of recent price and currency changes in markets outside the United States is said to be “favorable” for the U.S. to expand its exports if 
the combined effect has been to cause U.S. prices to drop much more rapidiy—or increase much more slowly—relative to the average price of goods from all 
other sources. The combined effort is said to be “somewhat favorable” if the relative change in U.S. prices was only slightly less than the average price change 
of goods from ail other sources. The combined effect is said to be “unfavorable” if U.S. prices increased more rapidly than the average price for goods from 
all other sources. 


2Prospects for gains for U.S. manufactured products in the U.S. market is said to be “favorable” if the recent price and currency changes have caused prices 
of goods from major foreign suppliers to increase much more rapidly or decrease much more slowly relative to the average price of all other goods sold in the 
United States. The effect is said to be “somewhat favorable” if it has caused import prices to increase slightly faster relative to the average price of all other 
goods solid in the United States. The effect is said to be “unfavorable” if import prices increased more slowly or dropped relative to the average price of goods 
from all other sources. 


SOURCE: U.S. DOC, international Trade Administration, “Changing U.S. Competitive Price Position in World Markets,” 1988 U.S. industrial Outlook, pp. 16-21. 
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Appendix table 8-1. U.S. and British publics’ knowledge 


of scientific terms: 19868 
Term U.S. Britain 
—Percent— 
Computer software 
Understands ............ 2... cece cece eee eees 27 626 
Some understanding .....................045- 9 8 
Wrong Or vague ............ cece eee eee eee 17 1 
Don't know/not asked ....................208. 47 =«2«65 
DNA 
Understands ............ ccc cece cece eee eeee 22 «13 
Some understanding ......................05. 10 15 
Wrong Or vague ........... cece eee eee eee 5 5 
Don't know/not asked .....................08. 63 67 
Radiation 
Understands (scientific understanding) ........... 6 NA 
Some understanding (knows effects or impacts) 25 NA 
Wrong Or vague ... 2.2.00... cece eee eee 39 NA 
Don't know/not asked .................5000eee 31 NA 
N= 2,041 2,009 


U.S. wording: “Computer software. When you read or hear the term ‘computer 
software’ do you have a clear understanding of what it means, a general sense of 
what it means, or little understanding of what it means?” 

IF CLEAR UNDERSTANDING OR GENERAL SENSE: “Please tell me, in your 
own words, what is computer software?” 


British wording: “Would you say you had a good, fair, or poor understanding of the 
computer terms ‘hardware’ and ‘software’?” 
iF GOOD OR FAIR: “What is computer software?” 


U.S. wording: “in articles and on television shows, the term ‘DNA’ has been used. 
When you hear the term ‘DNA’, do you have a clear understanding of what it means, 
a general sense of what it means, or little understanding of what it means?” 

IF CLEAR UNDERSTANDING OR GENERAL SENSE: “Please tell me, in your 
own words, what is DNA?” 
British wording: “When scientists use the term DNA, do you think it is to do with the 
Study of stars, rocks, living things, or computers?” 

IF “LIVING THINGS”: “What is DNA?” 
NA = Not asked. 
SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Techno!- 
ogy: 1968,” report to the National Science Foundation (forthcoming, 1969); and 
Oxtord University, Department for External Studies/Social and Community Planning 
Research. Survey of the public understanding of science in Britain (1968). 
See text table 8-1. 
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Type of response U.S. Britain 

—Percent— 
Theory construction and testing .................. 3 3 
Experimentation ............. cee cece cece eee 10 11 
Open-mindedness, systematic comparison ......... 4 9 
Measuring or classifying ....................005- 16 9 
DEE Dru oeenonketcceeveeeeecececerseeseces 380s 25 
DEED od ccnannsesccccccesocescconceceses 5 4 
No answer/not asked ................ cee eeeeees 23 3 

N= 2,041 2,009 


“Some articles reter to the results of a scientific study. When you read or hear the 
term ‘scientific study’ do you have a clear understanding of what it means, a general 
sense of what it means, or little understanding of what it means?” 

IF CLEAR UNDERSTANDING OR GENERAL SENSE: “Please tell me, in your 
own words, what does it mean to study something scientifically?” 


SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technol- 


University, 
Research. Survey of the public understanding of science in Britain (1968). 
See text table 8-1. 
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table 8-3. U.S. and British publics’ 
of facts of physics and earth science: 1988 


U.S. Britain 
—Percent— 
“Hot air rises.” 
OA cua cencecueceuscueweeseseeceseeeeess 97 97 
ON i cee e ehes ewan eeu ueie ees 1 1 
Don't know/no answer ..................-0005- 2 2 
“The oxygen we breathe comes from plants.” 
ED cecuscasgusdwevke eeueuseeeeeuecxseaes> 81 60 
False .. 2.0.2... cc eee cece eee eeeee 13 2 
Don't know/no answer ...................20-- 7 12 
“The center of the earth is very hot.” 
ME nu c6meeoksedenbe4 none ee eeeesessesseas 80 86 
i inn ceeeeeetaeaseteduke 6 4 
Don't know/no answer ................0.000e- 14 10 
“The continents on which we live have been moving 
their location for millions of years and will continue to 
move in the future.”' 
THUG 2. ccc cee ce cee eee cee eeeeees 80 71 
False .. 0.0... ccc ee cece eee eeeee 8 8 
Don't know/no answer ..................0005- 12 20 
“Which travels faster, light or sound?” 
cow aeehndess 65 he0ekesedsnteereinseds 76 75 
I 6 66 ons pees neins ee eee 6660eecsseeeses 19 19 
Don't know/no answer ...............0.00eeee 5 7 
“Electrons are smaller than atoms.” 
MED. 6,646 000066460000664066066000%6e0008006 43 31 
rr eer re 20 23 
Don't know/no answer .... 2.2... cee cee eee 37 46 
“Lasers work by focusing sound waves.” 
MD 55606450040566006644466600002060000008 293 20 
PL -dkeacehaunahadeedee40000e0se0esssesn 36 48642 
Don't know/no answer ..... 2... 0... cece ee eee 35 8 
Number of questions answered correctly 
CD 6.665664000000400 00000 66606500450008% 15 12 
ie ohabsohesebeseesbeneesohaseaessssieeeee 22 19 
i onteugeeesueectseeboeeneneteesessuetes 2 23 
Se onddecheeenes66608 60066600 046440%0466 20 22 
THPOG 20. cc cece eee eee eeeeees 12 15 
i: 5 6 
iP hcaeeesdbbeskeshecbeesaneshcereeshesds 1 2 
MN g2cc0edeents006s6000000660606006n000 0 1 
N= 2,041 2,009 


‘British wording: “The continents are moving slowly about on the surface of the 
earth.” 
SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Techno!- 
ogy: 1968,” report to the National Science Foundation (forthcoming, 1989); Oxford 
University, Department for External Studies/Social and Community Planning Re- 
search. Survey of the public understanding of science in Britain (1968). 
See text table 8-2, and figure 0-28 in Overview. 
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U.S. Britain EC 


(1988) (1988) (1989) 
—— Percent —— 
“In the entire universe, there are thousands 
of planets like our own on which life could 
have developed.” 
odd cee peg eeceseunssansuceece cs 67 NA NA 
dhe eemnasoeuserseeeeces ees 16 NA NA 
Don't know/no answer ................ 17 NA NA 
“The universe began with a huge explosion.” 
Definitely true .................20005. 22 6 NA 
Probably true ....................45. 32 58 NA 
Probably untrue ..................... 9 16 NA 
Definitely untrue ..................... 8 7 NA 
Don't know/no answer ................ 29 13 NA 
“Does the earth go around the sun, or does 
the sun go around the earth?” 
Earth goes around sun ................ 73 «SCS 83 
Sun goes around earth ................ 21 30 11 
Don't know/no answer ................ 7 7 7 
“How long does it take for the earth to go 
around the sun: one day, one month, or one 
year?” 
BEL odawaesscesesessecsseeeses 17 1% 16 
One month . 2.2.0... cece ccc ee eee 2 2 3 
OMe yOOr . cece eee eee 46 Ss 50 
Don't know/no answer ................ 36 47 30 
N« 2,041 2,009 11,678 
NA = Not asked. 
‘Question was asked only of those who said earth goes around sun. Percentages 
are based on total sample. 


SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technol- 
ogy: 1968,” report to the National Science Foundation (forthcoming, 1969); Oxford 
University, Department for External Studies/Social and Community Planning Re- 
search. Survey of the public understanding of science in Britain (1968); “Euro- 
barometre No. 31, L'Opinion Publique dans la Communauté Européene” (Brussels: 
Commission of the European Communities, Directorate-General for information, 
Communication, Culture, 1989). 


See text table 8-3, and figure 0-28 in Overview. 
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U.S. Britain 
—Percent— 
“Now, think about this situation. A doctor tells a couple 
that their genetic makeup means that they've got a one 
in four chance of having a child with an inherited 
iliness.” 
a. “Does this mean that if they have only three 
children, none will have the iliness?” 
Tn <t oganddunneeddsusd4sede65e00ebesee4s 6 5 
titans caeanaessescseccevceesosceeseeoes 87 84 
Don't know/no answer ........ 2... ......0005. 7 #11 
b. “Does this mean that if their first child has the 
iliness, the next three will not?” 
DPpnnd cepneeunndeeesssdseeuseneseeee ease 9 9 
i re ec cdeuehbensssendshwes 8 8680 
Don't know/no answer ........ 2.2... 666.6655. 5 10 
c. “Does this mean that each of the couple's children 
has the same risk of suffering from the iliness?” 
DD cchintnWeh6odess6eeeebs6se66400s6ss 00s 72 23682 
iat eee tea acdicchendenseseseceeshers 2 24610 
Don't know/no answer ................0656055. 5 8 
d. “Does this mean that if their first three children are 
healthy, the fourth will have the iliness?” 
Dibnadeoss Gache6neesedeeeo'oeeeeceeceuss 11 9 
No..... eebubeeeneceubeséeeeeuessedeesees 84 = 80 
Don't know/no answer ..... 2... 2 6. cece 5 1 
Number of questions answered correctly 
SET écecebouseocesesseeeeseeeeusessséenss 57 66 
ED bo0e466606066408000640664604666406006 2 £14 
ning 6g00b666066606050600000000460066065 11 9 
Do 6696666666000606006000606060066860660 4 5 
ii neee6ebentseesesesesseenseececsessess 3 7 
N= 2,041 2,009 


SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technol- 
ogy: 1988,” report to the National Science Foundation (forthcoming, 1989); Oxford 
University, Department for External Studies/Social and Community Planning Re- 
search. Survey of the public understanding of science in Britain (1968). 


See text table 8-4. 
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Appendix table 8-6. U.S. and British publics’ knowledge about health: 1988 


U.S. Britain U.S. Britain 
—Percent— —Fercent— 
“Sunlight can cause skin cancer.” Eating a lot of animal fat 
oss occu nneawanvedeseusese? 97 94 ED visevescxavesseseseneverceeesee* 94 «= «887 
ie tac ncctveveesestcovecvecess 1 3 TE ccevcccccescesverevecvcsevccveseseceses 5 8 
Don't know/no answer .................0.00... 2 3 Don't know/no answer .................-...--. 1 - 
Eating very little fresh fruit 
“Cigarette smoking causes lung cancer.” BRUINS one cccuccoceccnesseccooes 50 42 
Ann ino. a en uggiseeesesedeeeevessees 96 NA Not... es 4 
en cnevececogeceseces 3 NA sacentenaneeee 
Don't know/no answer ...................005.. 1 NA a ess . 
“Radioactive milk can be made safe by boiling it.” GED voc ccccccccccccccccscccesccccees 49 4 
Sn. - inp cecdmuanaehosiseseesensees+estse 8 13  MEPPPEVETTTTT TOIT TPIT TTT Tree rere 43 39 
a 64 —s«6'5 Don't know/no answer ............-.....++---. 8 16 
Don't know/no answer ........................ 280222 Eating very little fiber 
"Antbitis Kl vss as wo as bacteria Nee a 
ted nn oceesecenessseecesensseeesesecs 63 55 Don't know/no answer ........................ 10 15 
False CRORE OCHRE E EEE EE OEE EEE SEES 235 28 Eating food with a lot of additives 
Don't knowino answer ...............---.00+-. 1 17 Contributes ....... 00... eee eee cece cece. 66 «57 
items contributing to heart dis :ase Ss taeennenennnnséeeceseseecnceoeeseeeses 3s 2 
Stress Don't know/no answer ..................2.006- 10 48414 
Contributes (can contribute) .................... 6 95 Number of heart disease items anst-ered correctly 
CREE Ne en. Jas sonechoncavccesseees 3 4 ie Eee 7 9 
Don't know/no answer ...................-eeee 1 2 Ns 6nadx06sbudecedseeecesdecesescectses 15 16 
Smoking DU #e05n0060660000060666400000000006000086 20 «#418 
SLL nino a a i onccccchboccececccocces S$ 93 FD nw cccccccccccccccccccccccccccsccccccces 2 20 
An ee. woes sce ecceseuceesesces 4 5 FOU nese ccccccecccccccercccccccccccescces 2 «8 
Don't know/no answer ............. cece cece 1 2 DD énsndeeeevesseesseews cue 6s 00460008 3 7 
Not getting much exercise SD nbnesdedeseseeseesesbaeuuaccepececoeee 0 1 
Contributes ccc cece cece ccuce 95 91 SN sine Gueesso000ne66000066004046006040004 0 0 
AT Nichhdth hand pdhenneetheee6eseceshesé 4 7 _ _ PPPPTTTTTTITITITITITITTTT TTT Tree 0 0 
Don't know/no answer ..... 2... eee ee 0 2 N« 2.041 2,009 


U.S. wording: “We hear a lot about the problem of heart disease and how we can avoid it. Let me read you a short list of items and ask you to tell me for each item, as | read 
it, whether that item contributes to heart disease.” 


British wording: “We hear a lot about the problem of hsart disease and how we can avoid it. Which of these things do you believe can contribute to heart disease?” 
SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technology: 1988,” report to the National Science Foundation (forthcoming, 1989); Oxford University, 
Department for External Studies/Social and Community Planning Research. Survey of the public understanding of science in Britain (1988). 
See text table 8-5. 
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Appendix table 8-7. Beliefs of U.S., British, and European 


Community publics regarding human origins: 
1988 and 1989 
U.S. Britain EC 
(1988) (1988) (1989) 
—— Percent —— 


DT 46 NA 62 
re eee 43 NA 24 
Definitely true ....................2.. NA 23 NA 
Probably tue ..................0005- NA 56 NA 
Probably untrue ..................... NA 8 NA 
Definitely untrue ..................... NA 7 NA 
Don't know/no answer ................ 11 6 14 
“The earliest humans lived at the same time 
as dinosaurs.” 
rn 45 32 29 
re errr 37 46 47 
Don't know/no answer ................ 18 22 24 
N= 2,041 2,009 11,678 
NA = Not asked. 


SOURCES: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technoi- 
ogy: 1988,” report to the National Science Foundation (forthcoming, 1989); Oxford 
University, Department for External Studies/Social and Community Planning Re- 
search. Survey of the public understanding of science in Britain (1988); “Euro- 
barométre No. 31, L'Opinion Publique dans la Communauté Européene” (Brusseis: 
Commission of the European Communities, Directorate-General for Information, 
Communication, Culture, 1989); Commission of the European Communities, un- 
published tabulations. 

See text table 8-6, and figure 0-28 in Overview. 
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Appendix table 8-8. Public attitudes toward astrology: 1988 


patinees i 

“Would you say that astrology is very scientific, sort of Sort Not Don't 

scientific, or not at all scientific?” Very of atall know N 

Percent 

Total public... 2... ce cece eee 6 31 60 3 2,041 
ia 5 abs ed one 000s 0440404408444 04400044%45 5 2 67 3 958 
BD 6 ok cb 4448404054009 4 0 ad aad eee Leda es 7 8S S53 3 1,083 
181024 2. ccc ccc eee ee cee eee eees 10 36 54 O 318 
ND: a dug dign4 cease 444 4e 494A Soe een ebEe ones 6 32 60 1 486 
KS Co 6 31 61 2 373 
is Coden adehen 6neee eee eteeuneseveedees 5 30 61 5 532 
65 and older .. 6.2... ccc cee eee 6 27 60 £6 332 
Less than H.S. graduate......................0005- 11 35 50 4 530 
H.S. graduate o” some college ..................... 6 32 59 3. 1,155 
College graduate ................ cece eee ee eee 2 2 74 2 356 

“In your daily life, do you sometimes decide to do or not to 

do something because your astrological signs for the day 

are favorable or untavorable?”' Yes No N 
Total public... ccc cece eens 6 94 2,041 
RPT T TT ECCTTETeT Tee eCTrre TTT eres 4 96 958 
I  6bG Awa we be0ek ee sek ee beeen 6 ibeksecee4s 8 92 1,083 
ER scuwadey ease s6e6000s404s0eeserdeneness 10 90 318 
DE ih gonagwkeecedeeeskceniweesecensbaes 5 95 486 
ED: 54 eee k4eundeees 45644440 bh 00 605444450 58 5 95 373 
| 5 95 532 
G5 and older .. 1... eee eee eee 6 94 332 
Less than H.S. graduate ................ cece eens 11 +=89 530 
H.S. graduate or some college .................565. 5 95 1,155 
College graduate 2.0... ccc cece eee 2 98 356 


Note: Percentages may not add to 100 because of rounding. 


SOURCE: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technology: 1988,” report to the 


National Science Foundation (forthcoming, 1989). 


See text table 8-8. 
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Appendix table 8-9. Public assessment of the benefits and harms due to 


scientific research: 1972-88 
1972 1974 1976 1979 1981 1985 1988 
Percent 

Benefits greater .................. 2. cece 70 75 71 #70 74 68 #=76 
About equal’ .... 0.2.0.0... eee eee eee 13 14 #15 #13 #41 4~«§ 
Harms greater .............. cc cece eens 8 5 7 #11 #14 «419+ 12 
Don't know/no answer ..................... 9 6 7 6 1 8 7 
N= 2,209 2,074 2,108 1,635 1,540 2,005 1,042 


'Volunteered by the respondent. 

1972-76 wording: “Do you feel that science and technology have changed life for the better or for the worse?” 
1979-88 wording: “Would you say that, on balance, the benefits of scientific research have outweighed the harmful 
results, or have the harmful results been greater than the benefits?” 

SOURCES: 1972-76: Opinion Research Corporation, “Attitudes of the U.S. Public Toward Science and Technology, 
Study Ill” (Princeton: 1976). 1979: J.D. Miller, K. Prewitt, and R. Pearson, “The Attitudes of the U.S. Public Toward 
Science and Technology: Analytic Report,” report to the National Science Foundation (Chicago: National Opinion 
Research Center, University of Chicago, 1980), p. 69. 1961: J.D. Miller, “A National Survey of Public Attitudes 
Toward Science and Technology.” (DeKalb, IL: Northern lilinois University, 1982), table 11. 1965:J.D. Miller, Survey 
of the attitudes of the U.S. public toward science and technology: 1985, unpublished tabulations available from the 
Public Opinion Laboratory, Northern lilinois University (1985). 1968: J.D. Miller, “Attitudes of the U.S. Public Toward 
Science and Technology: 1988,” report to the National Science Foundation (forthcoming, 1989). 

See text table 8-9. 
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Appendix table 8-10. U.S. and British publics’ assessment of the effects of science 


on everyday values: 1957-88 
United States Britain 
1957 1979 1983 1985 1988 1988 
Percent 
a. “Science is making our lives healthier, easier, and more 
comfortab'e."*6 
Es bude ct dba ghbdkl sa 0049 444 4 Read ede eset eunes 94 81 85 8&6 73 
DL. ns bins been ndhades she edeeneeet¥eueeedeniees -_ - —-— — — 12 
iiss cau neeeeenereteerssceecesseees 3 6 12 11 #13 «14 
Don't know/no answer... 2.2.0... 6 ec cee ee ce eee 3 3 3 2 2 1 
b. “Science makes our way of life change too fast.”"- 
DE sided Sunedahbhschwaticesesveceeevecerensseee 48 4 4 4 4 £49 
EL cnc bude ccnndewspbacterpeterseecteceuseetes - - -—- — — 16 
ESE 51 53 52 53 59 32 
Don't know/no answer... 2.2.0.0... eee eee ees 6 3 2 3 2 3 
c. “One of the bad effects of science is that it breaks down 
people's ideas of right and wrong.”* 
CR RKSES BERS: Se Se 23 37 WO 37 %33 #=$\NA 
Sic intnee Gechgbeseseredcecerccensecesese 67 56 63 57 #61 #=\NA 
Don't know/no answer... 2... 2... eee ee eee 10 7 7 7 6 NA 
d. “We depend too much on science and not enough on faith."2 
PE CROC eed ded ee beds dan ceeecseedocecress 50 NA 51 57 51 £444 
EE Keb it cVeedGe chidceduddaedensoeteeecborececs 13 NA — — — 19 
EE stk ub ee enKd woe w hb ede <teeeeecccessceccecees 21 NA 4 393 4 & 
Don't know/no answer... 6... cc ce eee eee 16 NA 4 5 6 2 
N= 1,919 1,635 1,630 2,005 2,041 2,009 


NA = This question not asked these respondents; — = this option not offered these respondents. 
11957, 1983, and 1985 wording: “One trouble with science is that it...” 


21957 wording: “it has been said that we depend too much on science and not enough on faith. How do you personally fee! 
about that statement?” This was an open-ended question, coded by the interviewing organization. Those who responded that 
we should rely more on faith are coded as agreeing; those who said we should rely more on science are coded as disagreeing; 
those who thought we should rely on both or who saw no conflict are listed as “neither.” 


31979 wording: “Scientific discoveries are making . . .” 
“1979 wording: “Scientific discoveries make our lives change too fast.” 
51979 wording: “Scientific discoveries tend to break down people's ideas of right and wrong.” 
£1965, 1988, and British wording: “Science and technology are making . . .” 
SOURCES: 1957: “The Public impact of Science in the Mass Media: A Report on a Nation-Wide Survey for the National 
Association of Science Writers” (Ann Arbor, Mi: Survey Research Center, University of Michigan, 1958); 1979: “Attitudes of 
the U.S. Public Toward Science and Technology: 1979," report to the National Science Foundation (Philadelphia: Institute for 
Survey Research, Temple University, 1960), 157-58; 1983: J.D. Miller, “A National Survey of Adult Attitudes Toward Science 
and Technology in the United States,” report prepared for the Annenberg School of Communications, University of Pennsylvania, 
1963; 1906: J.D. Miller, Survey of the attitudes of the U.S. public toward science and technology: 1985, unpublished tabulations 
available from the Public Opinion Laboratory, Northern lilinois University (1985). 1988: J.D. Miller, “Attitudes of the U.S. Public 
Toward Science and Technology: 1968," report to the National Science Foundation (forthcoming, 1989). Oxford University, 
Department for External Studies/Social and Community Planning Research. Survey of the public understanding of science in 
Britain (1968). 
See text table 8-10. 
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Appendix table 8-11. Portion of public with “a great deal of confidence” in the people running various institutions: 1973-89 


Institution 1973 1974 1975 1976 1977 1978 1980 1982 1983 1984 1986 1987 1988 1989 
Percent oneemeenens 
ee re ee 54 60 50 54 51 46 52 45 51 50 46 52 51 46 
Scientific community .....................205- 37 465 3 4 41 360s 41 38s 41 44 39 45 39 «= 40 
U.S. Supreme Court ..................222006. 31638 Hb 6 63—hlUCOBKUMlCUCOSHUlC HCCC STC OC HC HECCIH ss 4“: 
Military... 2... 0c cece eee cece 322 40 38 3 SBS 28F 2828 3 2898 BG 3 3B 34 32 
Education .... 0... 2 ccc cc cee eee eee 37 649~—CO31 370s 41 2 0D} 3 2B 2 28 35 29 3B 
Major companies ....................0e eee eee 29 31 #19 22 27 22 27 23 24 30 24 30 25 24 
IZED reliQiON .... 2.6... eee eee eee eee eee 354 24 30 4 #31 35 32 28 = 31 2 29 20 22 
Executive branch of the federal government ....... 29 14 13 13 2 12 #12 19 #13 #=18©=«©2% ©6188 )=6©°160©=©=6©20 
Banks and financial institutions ................. NA NA 32 39 4 33 32 27 24 31 21 27 #=+27 19 
TTT CETTE TT TTT TOT eT Cee ee 23 17 13 14 #42919 13 9 13 «+10 12 16 16 15 17 
DE i 4:44:0000b4 04506000040 0ses¥eesskes tees 23 26 24 2 25 20 22 1 13 #17 #=%18 $418 18 «17 
MT sivasbdnd esos eens 006s 046 045 444460400840 18 23 18 19 17 14 16 14 12 13 15 12 14 14 
Organized labor ............... 0. cece eee eee 15 18 10 12 £415 11 15 12 8 8 8 10 10 9 
Rr ee re 300 CU330lC EEC iQtsé81 24 2 2 24 £27 2 28 26 25 
Ratio to year’s average ——- 

Medicine ... 01... cece eee cence 1.78 1.81 1.97 187 1.64 1.90 2.01 1.74 2.15 189 183 185 200 1.82 
Scientific community .................20 eee 1.21 1.35 1.47 1.48 1.30 1.49 1.59 148 1.73 165 1.55 1.61 1.51 1.58 
U.S. Supreme Court ................ 000 e eee 1.03 0.99 1.20 1.22 1.13 1.16 094 1.18 1.16 1.23 1.18 1.30 1.35 1.36 
EE 856664660660 60 E65 6o0seeececaedsrsrees 1.04 1.19 1.38 1.35 1.16 1.22 1.06 1.18 1.22 1.33 1.26 1.23 1.33 1.28 
FST Teer TT Terre rr Tr Tree 1.21 1.47 1.21 1.29 1.30 1.17 1.15 129 120 1.04 1.10 1.24 1.15 1.19 
Major companies ...................050 cee eee 0.96 0.94 0.75 0.76 0.87 089 1.04 090 099 114 096 1.06 096 093 
Organized religion ..................00eeeeeee 1.14 1.32 0.95 1.06 1.27 1.26 1.35 1.24 1.18 1.15 1.00 1.03 0.78 0.85 
Executive branch of the federal government ....... 0.96 0.41 052 0.47 089 052 046 0.74 054 068 082 066 064 077 
Banks and financial institutions ................. NA NA 1.25 1.37 1.34 1.36 1.21 1.04 0.98 1.17 0.84 0.98 1.05 0.74 
ED noe aud5 oan eederesseeeeeun eens seas 0.77 0.51 052 0.47 0.61 0.53 036 052 041 046 065 058 060 0.66 
MEE 9064454465 004004400540 050400045044%5 0.76 0.77 0.93 0.98 080 0.83 084 0.70 056 063 0.73 065 0.72 0.65 
UP cacunn eo ees e0kb 0h es0denssb044 ee eues ses 0.61 0.70 0.70 0.65 056 0.57 062 055 0.52 049 059 042 055 0.55 
Organized labor ..... 2.2.2.0... cc cece eee ee eee 0.51 055 0.39 040 047 0.45 0.58 048 033 032 032 0.36 0.39 0.37 
N= 1,504 1,484 1,490 1,499 1,530 1,532 1,468 1,506 1599 989 1,470 1,466 997 1,035 


“Lam going to name some institutions in this country. As far as the people running these institutions are concerned, would you say you have a great deal of confidence, only 


some confidence, or hardly any confidence at all in them?” 
NA = Not asked. 
‘Excludes Banks and financial institutions. 


SOURCES: General Social Surveys, 1972-1989: Cumulative Codebook (Chicago: National Opinion Research Center), 198-201; General Social Surveys, 1972-82: Cumulative 
Codebook, 111-14; General Social Surveys, 1972-85: Cumulative Codebook, 166-69; General Social Surveys, 1972-88: Cumulative Codebook, 185-88. 


See figure 8-1. 
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Appendix table 8-12. Detailed responses to question 
about dangerous powers possessed by scientists: 1968 


Area mentioned Responses included 
Nuclear ........... Nuclear science, nuclear power, nuciear 
weapons, radiation 
Biological ......... Experiment on people, dangerous medical 

babies, control people 
Weapons ......... Weapons, bombs (no mention of nuclear), 


Chemicals ......... Chemicals, toxic chemicals 
Environmental effects Environmental, disturbing space 
Religion .......... Challenge religion 


“When you think about scientific researchers who have powers that make them 
dangerous, what kinds of powers do you have in mind?” 


SOURCE: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technology: 
1988,” report to the National Science Foundation (forthcoming, 1969). 


See text table 8-12. 
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Appendix table 8-13. Public preference for problem areas on which 


government funds should be spent: 1968 
Too Right Too Don't 
Problem area little amount much know 
Percent 
Helping older people .. 6... cece eee eens 76 21 2 1 
Improving @duCcatiOn .. 0.6... ccc eee ee eee eee 76 19 4 1 
Reducing pollution... 0.0... ccc ccc cece ee ee eens 76 18 4 2 
Improving health care 2... 0... ccc cece cece eens 67 28 2 2 
Helping low-income persons ............ 0. ccc eee eee eee 55 30 12 3 
Supporting scientific research ............. 0. ccc eee eens 34 48 1§ 4 
Exploring SPQCO . cece eee eee teen eees 17 38 4 2 
improving national defense’ ........... 6c cece eee eee 17 42 3 863 
Developing weapons for national defense’ ................. 11 35 52 3 
N= 2,041 


“We are faced with many problems in this country. I'm going to name some of these problems, and for each 
one, I'd like you to tell me if you think that the government is spending too little money on it, about the right 
amount, or too much.” 


‘The sample was divided so that 999 answered this question with the first wording and 1,042 answered it with 
the second wording. 


Note: Percentages may not add to 100 because of rounding. 


SOURCE: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technology: 1988,” report to the 
National Science Foundation (forthcoming, 1989). 


See text table 8-13. 
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of science and technology: 1 
Too About Too Don't 
Area low fight high know 
———— Percent 
Use of chemical additives infoods ...................... 42 29 25 3 
Construction of nuclear power plants .................... 31 40 24 6 
Conduct of genetic engineering research ................. 25 «51 9 15 
Conduct of basic scientific research ..................... 23 +460 10 8 
Development of new pharmaceutical products ............. 16 63 16 5 
N= 2,041 


“I'm going to read you a short list of activities and for each one I'd like for you to tell me whether you think that 
the present level of governmental regulation is too high, too low, or about right.” 
Note: Percentages may not add to 100 because of rounding. 


SOURCE: Miller, J.D., “Attitudes of the U.S. Public Toward Science and Technology: 1988,” report to the 
National Science Foundation (forthcoming, 1989). 


See text table 8-14. 
Science & Engineering indicators— 1989 


Appendix table 8-15. Public attitudes toward animal research: 1968 


Strongly Strongly Don't 
agree Agree Disagree disagree know N 


Percent 
Total public 2.0... cee eee 5 48 28 14 5 2,041 
SU 00054680006 sed 008eeseenssescs 6 55 26 7 5 958 
Women ..... 0... cece ccc eee eee ee 4 41 30 19 6 1,083 
ED 0.6:5.00.0-60640460600s 000066008 4 43 29 21 3 6318 
PEED SC ccveccesecccecsccsecssves 5 45 30 14 5 486 
SEED Sob cs ccscrseseccesccessees 5 47 28 14 6 373 
45 1064 ccc eee eee 4 52 27 12 6 532 
6S andokder ........... ccc eee 6 52 27 8 6 332 
Less than H.S. graduate ............. 3 53 26 12 6 530 
H.S. graduate or some college ........ 5 44 31 16 5 1,155 
College graduate ................4.. 8 53 23 9 6 356 


“Scientists should be allowed to do research that causes pain and injury to animals like dogs and chimpanzees 
if it produces new information about health problems.” 
Note: Percentages may not add to 100 because of rounding. 


SOURCE: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technology: 1988,” report to the 
National Science Foundation (forthcoming, 1989). 


See text table 8-15. 
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Appendix table 8-16. Public attitudes toward space exploration and nuclear power: 1988 


Area and subpopulation costs costs benefits benefits don't know' N 
Space exploration 
Total public .................. 22 24 18 26 11 2,041 
i  neeeecnekeyeviessees es 28 26 13 22 11 958 
Women ................2005. 16 22 22 29 12 1,083 
eee rer 19 30 20 25 8 318 
25 t0 34 2... eee eee 21 26 17 25 10 486 
errr 23 25 17 23 12 373 
451064... 2... eee eee 23 24 15 24 14 532 
65 and older ................. 20 13 19 32 16 332 
Less than H.S. graduate ........ 15 25 20 29 11 530 
H.S. graduate or some college 21 23 17 27 12 1,155 
College graduate.............. 33 23 15 16 13 356 
Benefits Benefits § Risks only Risks 
Strongly only slightly _— slightly strongly About the 
exceed exceed exceed exceed same or 
risks risks benefits benefits don'tknow' N 
Nuclear power 
Total public .................. 18 23 17 30 12 2,041 
Men . 0... 6c cece 23 26 15 28 8 958 
Women ................000e: 13 20 18 32 16 1,083 
181024 2... eee eee 12 23 28 30 7 318 
25 1034 2. eee eee 16 24 19 33 7 486 
35 1044 2 eee 14 22 18 34 12 373 
45 1064 2... eee 24 23 13 26 15 532 
65 and older ................. 21 23 8 29 19 332 
Less than H.S. graduate ........ 15 25 18 25 18 530 
H.S. graduate or some college 18 22 17 33 11 1,155 
College graduate.............. 22 23 14 32 9 356 


“Many current issues in science and techology may be viewed as a judgment of relative risks and benefits, or costs and benefits. 
Thinking first about the space program, some persons have argued that the costs of the space program have exceeded its benefits, 
while other people have argued that the benefits of space exploration have exceeded its costs. in your opinion, have the costs of space 
exploration exceeded its benefits, or have the benefits of space exploration exceeded its costs?” “Would you say that the benefits have 
substantially exceeded the costs, or only slightly exceeded the costs?” “Would you say that the costs have substantially exceeded the 
benefits, or only slightly exceeded the benefits?” 


“In the current debate over the use of nuclear reactors to generate electricity, there is broad agreement that there are some risks and 
some benefits associated with nuclear power. in your opinion, are the risks associated with nuclear power greater than the benefits, or 
are the benefits associated with nuclear power greater than the risks?” 

‘Since some respondents did not answer the questions about benefits slightly or substantially exceeding costs or risks, the number 
responding “about equal” or “don't know” is greater than on text table 8-16. 

SOURCE: J.D. Miller, “Attitudes of the U.S. Public Toward Science and Technology: 1988,” report to the National Science Foundation 
(forthcoming, 1989). 

See text table 8-16. 
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Appendix table 8-17. Effect of the Challenger and Chernoby/ accidents on 
general public attitudes toward science and technology: 1965-88 


November February June July 
1985 1986 1986 1988 


Percent 
Beneficial versus harmful effects of scientific research 
Balance strongly favors beneficial results .......... 47 20 22 =«53 
Balance only slightly favors beneficial results ....... 24 59 55 21 
About equal’ .... 2.0... eee eee eee 5 4 3 2 
Balance only slightly favors harmful results ......... 12 7 5 8 
Balance strongly favors harmful results ............ 5 3 8 4 
Don't know/no answer ...................2-0050- 7 6 5 9 
Benefits of space program versus costs 
Benefits substantially greater than costs ........... 30 37 330 22 
Benefits only slightly greater than costs............ 25 28 27 0 24 
About equal’ ... 2... cece eee ees 3 3 2 3 
Costs only slightly greater than benefits ........... 13 9 14 = «18 
Costs substantially greater than benefits ........... 26 16 18 626 
Don't know/no answer ..................020 eee 5 5 5 9 
Benefits of nuclear power versus risks 
Benefits substantially exceed risks ............... 30 23 2 «(18 
Benefits only slightly exceed risks ................ 20 30 2 23 
About equal’ 0... cece ee eens 1 3 2 3 
Risks only slightly exceed benefits ............... 13 12 10 17 
Risks substantially exceed benefits ............... 31 26 2 30 
Don't know/no answer ...... 0.0.00... eee eee 4 5 7 9 
N= 1,111 1,111 1,111 2,0412 


“Would you say that, on balance, the benefits of scientific research have outweighed the harmful results, or 
have the harmful results been greater than the benefits?” “Would you say that the balance has been strongly 


in favor of beneficial results, or only slightly?” 
'Volunteered by respondents. 
2For the “scientific research” question, N = 1,042. 


Note: The same persons were interviewed in the 1985 and 1986 surveys. 

SOURCE: J.D. Miller, “The impact of the Challenger Accident on Public Attitudes Toward the Space Program,” 
report to the National Science Foundation (January 1987); J.D. Miller, “Attitudes of the U.S. Public Toward 
Science and Technology: 1988,” report to the National Science Foundation (forthcoming, 1989). 


See figure O-27 in Overview. 
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Contributors and Reviewers 


The following persons contributed to the report by reviewing chapters or sections, providing data, or otherwise assisting 


in its preparation. Their help is greatly appreciated. 


James Adams, University of Florida 

Clifford Adelman, U.S. Department of Education 
Ronald Akie, The Faxon y 

Ronald D. Anderson, National Science Foundation 
Robert Armstrong, E.I. Du Pont De Nemours & 


Joel Barries, National Science Foundation 
ee oe eaneaeCo-epention 


Anne Bacon, 05 Comal for ean Asvasenane 
Robert Blackburn, University of 


L. Vaughn Blankenship, University of Illinois at Chicago 


Jennifer Bond, National Science Foundation 

Myles Boylan, National Science Foundation 

Wendy Bruno, U.S. Bureau of the Census 

John P. Campbell, National Academy of Sciences 

Audrey Champagne, American Association for the 
Advancement of Science 

Jason E. Christian, Laval University, Canada 

Marianne Clarke, National Governors’ Association 

Robert C. Dauffenbach, Oklahoma State University 

Lester A. Davis, U.S. Department of Commerce 

Wim van Deelen, Commission of the European 
Communities 

John Dossey, National Council of Teachers of 
Mathematics and Illinois State University 

John Durant, National Museum of Science & Industry, 
London 


Pamela Ebert-Flattau, National Academy of Sciences 
Richard A. Ellis, 


Robert Evenson, Yale University 

Alan Fechter, National Academy of Sciences 

Michael G. Finn, National Academy of Sciences 

David H. Florio, National Science tion 

Carol Frances, Carol Frances & Associates 

Jean Gabolde, Commission of the European 

Communities 

Howard Gobstein, University of Michigan 

Casey Green, University of Southern California 
M. Griffin, National Science Foundation 

Patricia J. Gumport, University of California at Los 


Angeles 
Edward Hackett, Rensselaer Polytechnic Institute 
Charles Hamaker, Louisiana State University 
Lee Hansen, University of Wisconsin 


Kent Hendrickson, University of Nebraska 

Thomas L. Hilton, Educational Testing Service 

James Hirabayashi, U.S. Patent and Trademark Office 

Patricia Hughes, National Science Foundation 

John Irvine, University of Sussex, 

Dieter Jaufmann, Internationales Institut fuer 
Empirische Sozialoekonomie, Stadtbergen, West 
Germany 

Ernst Kistler, Internationales Institut fuer Empirische 
Sozialoekonomie, Stadtbergen, West Germany 

W. Harry Lambright, Syracuse Research Corporation 

Daniel F. Leahy, Office of the United States Trade 

tative 

Ron Lieber, Council of Scientific Society Presidents 

Ruth Lytle, National Merit Scholarship Corporation 

Ben R. Martin, University of Sussex, 

irley McBay, Massachusetts Institute of Technology 

Jon D. Miller, Northern Illinois University 

William Miller, SRI International 

Mary Ellen Mogee, consultant 

Ina Mullis, National Assessment of Educational 

, Educational Testing Service 

Jane S. Myers, U.S. Patent and Trademark Office 

Francis Narin, Computer Horizons, Inc. 

Dominic Olivastro, Computer Horizons, Inc. 

John Penick, lowa State University 

Martin Pfaff, Internationales Institut fuer Empirische 
Sozialoekonomie, Stadtbergen, West Germany 

Eva M. Price, Syracuse Research Corporation 

Senta A. Raizen, The NETWORK, Inc. 

Karlheinz Reif, Commission of the European 
Communities 

F. James Rutherford, American Association for the 
Advancement of Science 

F. M. Scherer, Swarthmore College 

William K. Scheirer, U.S. Small Business Administration 

Kimberly A. Stevens, Computer Horizons, Inc. 

Albert H. Teich, American Association for the 
Advancement of Science 

Roland Tibbetts, National Science Foundation 

Michael Ward, The World Bank 

Iris R. Weiss, Horizon Research, Inc. 

Wayne W. Welch, National Science Foundation 

Peter R. Young, The Faxon Company 
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GNP 


Acronyms 


American Association for the Advancement of Science 
Accreditation Board of Engineering and Technology 
Advanced Placement 
Association of Research Libraries 
Bureau of Labor Statistics 
Commission of the European Communities 
Computer Horizons, Inc. 
Centre National de la Recherche Scientifique 
Center for Policy Research in Education 
Current Population Survey 
t of Commerce 
Department of Defense 
Department of Energy 
Data Resources 
European Community 
Education Commission of the States 
Educational Testing Service 
Federally funded research and development center 
Gross national product 
Grade point average 
General university funds 
High Technology Recruitment Index 
International Assessment of Educational 
intial public Association for the Evaluation of Educational Achievement 
wre a research and development 
Item Response Theory 
International Trade Commission 
Microelectronics and Computer Technology Corporation 
National Assessment of Educational 
National Aeronautics and Space Administration 
National Center for Education Statistics 
National Council of Teachers of Mathematics 
Newly industrialized country 
National Institutes of Health 
National ion Research Center 
National Research Council 
National Science Board 
Natural science and engineering 
Natural scientists, engineers, and computer specialists 
National Science Foundation 
National Science Teachers Association 
Organisation for Economic Co-operation and Development 
i Research Corporation 

of Technology Assessment 
Research assistant 
Researci and deve t 
Scholastic Aptitude Test 
Small Business Administration 
Science Citation Index 
Science and engineering 
Socioeconomic status 
Standard Industrial Classification 
Science Policy Research Unit 
Superconducting Super Collider 
Science and tec 
University of California at Los Angeles 
U.S. Department of Agriculture 


Subject Index 


Subject Index 


Page numbers in boldface indicate appendix tables. 


ABET (Accreditation Board of Engineering and 
Technology), 49n 

Academic degrees. See Degrees. 

Academic research and development. See also 
Applied research; Basic research; De- 
velopment; Industrial R&D; Research 
and development. 

doctoral-level researchers 
in basic research, 58-59, 116-118, 233, 
321-324 
by ethnic group, 116, 117-118. 319-320, 
323-324 


by field, 115-116, 317-322 
by gender, 115-116, 117, 319-320, 323- 
324 
retention of, 118-119, 325-326 
equipment spending for, 112-113, 310-315 
facilities spending for, 111-112, 310-312 
by field and country, 99, 289 
funding for 
by character of work, 107-108, 295 
distribution of funds, 110, 302-303 
Federal support, 12, 109-110, 299 
by field, 13, 110-111, 307-309 
industry support, 110, 304-306 
by sector, 12, 108, 296-298 
state support, 101-102 
highlights, 106-107 
industry dependence on, 124 
literature from. See Literature. 
overview of, 12-13 
science serials, library costs, 113-114, 316 
SPRU analysis of, 98-99, 299 
Academic Research Facilities Modernization 
Act of 1988, 112n 
Accreditation Board of Engineering and 
Technology (ABET), 49n 
Aeronautical/astronautical engineering 
academic research funds for, 13, 110-111, 
307-309 
academic S/E researchers in, 115-116, 317- 
322 
doctoral S/E employment, 68-69, 244-246 
projected jobs in, 77, 235-238 
S/E employment rates, 71-72, 247-251, 253- 
254 
S/E job patterns, 63-65, 235-238 
S/E’s employed in, 7, 66-68, 240-242, 252 
S/E unemployment rates, 70, 247-251, 253- 
254 


African Americans. See Black Americans. 
Agricultural Extension Services, 99 
Agriculture, Department of (USDA) 
Agricultural Research Service, 92, 99 
R&D support, 91-94, 272-274, 277-279 
American Indians. See Native Americans. 
Animal research, public attitudes toward, 175, 
399 
Applied research. See also Academic research; 
Basic research; Development; Indus- 
trial R&D; Research and development. 
academic doctoral S/E’s in, 58-59, 233 
defined, 89 
funding for, 4—5, 88-95, 108, 268-269, 282, 
295 
ARL (Association of Research Libraries), 114 


Articles. See Literature. 


Asian Americans 
doctoral recipients, 56, 227 
S/E employment, 67-68, 242-243, 245-246 
Associate degrees. See Degrees, associate. 
Association of Research Libraries (ARL), 114 
Astrology, public's attitude toward, 170, 394 
Astronautical engineering. See Aeronautical 
astronautical engineering. 
Astronomy, public’s knowledge of, 166-167, 
390 
Attitudes, public. See Public attitudes toward 
S&T. 
Australia, precollege science achievement 
scores, 29-31, 198-199 


Bachelor's degrees. See Degrees, bachelor’s. 
Balance of trade, 2, 149, 153, 379 
Basic research. See also Academic research; 
Applied research; Development; In- 
dustrial R&D; Research and develop- 
ment. 
academic doctoral S/E’s in, 58-59, 116-118, 
233, 321-324 
defined, 89 
funding for, 4-5, 88-95, 108, 270-271, 279- 


281, 295 

minorities and women in, 117-118, 323- 
324 

nonacademic doctoral S/E’s in, 116, 321- 
324 


as percentage of total R&D, 96, 97, 288 
Bibliometrics, 119 
Big Bang theory of universe, 166-167, 169, 
390 
Biological sciences, freshman plans, 9, 51-52 
Biology 
literature in 
cross-sector coauthorship, 15, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122-123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 
U.S. publications, 121, 337 
precollege studies test scores, by country, 
29, 198 
Biomedicine 
cross-sector coauthorship, 15, 121, 339 
international coauthorship, 120-121, 334 
relative citation ratios, 122-123, 343 
U.S. and world articles, 11, 120, 327-331 
U.S. citations to foreign articles, 122-123, 
340 
U.S. publications, 121, 337 
Biotechnology, and small business, 145 
Black Americans. See also Ethnic compari- 
sons. 
academic doctoral S/E’s, 116, 117-118, 319- 
320, 323-324 
doctoral recipients, 55-56, 227 
doctoral S/E employment, 68-69, 245-246 
precollege students 
computer competence of, 29-30 
mathematics proficiency, 24-26, 190-194 
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labor force participation rates, 69, 247-251 
precollege students 
computer competence of, 29-30 
mathematics proficiency, 24-26, 190-194 
science proficiency, 22-24, 186-189 
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industrial R&D funding and performance, 
129-130, 349-350 
inflation rates, 159, 385 
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Funding for R&D. See Research and devel- 
opment, funding for. 


Gender comparisons. See also Women. 
doctoral recipients, 55, 56, 223, 226-227 
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254 
S/E unemployment rates, 69-71, 247-251, 
253-254 
undergraduate enrollments, 49, 50, 212 
Geological Survey, U.S., 92 
Germany. See ‘Vest Germany. 
Global market, lace 
competitivene: 5 issues, 148-149 
and currency exchange rates, 149, 150n, 
159, 372 

highlights, 148 

for high-tech products. See High-technol- 
ogy products. 

inflation factors, 159, 385 

license fees and royalties, 156-158, 382 

manufactured products, shares of, 150-151, 
371 

overview of, 2, 13-14 

and technology transfer, 154, 156 

Trade Bill of 1988 and, 158-159 

U.S. balance of trade, 2, 149, 153, 379 

U.S. exports, 14, 152, 375-379 

U.S. foreign investment, 154-156, 380-381 

U.S. imports, 151-152, 374-375 

U.S. sales prospects, 159-160, 386 

GNP. See Gross National Product. 

Goods-producing industries, 6, 64-65 

Graduate students. See Students, graduate. 

Great Britain. See United Kingdom. 

Gross National Product (GNP) 
export and import deflators, 157n, 383 
growth rates, 385 
implicit price deflator, 87n, 263, 383 
R&D funding as percentage of, 3-4, 87, 96, 

287-288 


Health, public's knowledge of, 167, 391 
Health and Human Services, Department of 
(HHS) 
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A View from the National Science Board 


THE STATE OF 
US SCIENCE AND 
ENGINEERING 


Every two years the National Science 
Board publishes factual data on the condi- 
tion of American science and engineering in 
Science and Engineering Indicators — a 
widely-used resource in government, in- 
dustry, and academia. 

Accompanying Science and Engineering 
Indicators, the Board in this statement pre- 
sents its conclusions about the strengths 
and weaknesses of American science and 
technology and its recommendations for 
action. 


In sum, American science and engineer- 
ing are vibrant and productive, although 


a 
I. Introduction 


the United States no longer dominates sci- 
ence and technology as it once did. And 
American education in science, engineer- 
ing, and mathematics is a national problem 
that has not yet been effectively addressed. 

We need a new national commitment to 
provide human, financial, and physical 
resources commensurate with the impor- 
tance of science and technology to 
America’s future. The solutions will require 
cooperative action and increased invest- 
ment by industry and universities, by state 
and local governments, and by the federal 
government. 


ee 
Il. The Competitive Context for American 


a. The Shift to a World Economy 

Until recent decades the U.S. economy 
was largely isolated from the rest of the 
world. Our market was the largest in the 
world. Our companies could prosper 
without exporting, and technological leader- 
ship protected them from imports. 

None of this is true any longer. Europe 
and Japan recovered from World War II. 
Industrialization has spread rapidly in the 
third world. Better transport and communi- 
cations have made world-wide industrial 
and commercial organizations possible, and 
competition has made them necessary. 
World trade has increased seven-fold since 
1970; today over two-thirds of the goods we 
produce must compete against merchan- 
dise from abroad. 


Science and Engineering 


In this situation an effective science and 


technology policy must recognize that we 
are now one competitor among many, no 
longer uniquely advanced over other 
countries. Policy must emphasize coopera- 
tion among all sectors and ask how best to 
meet international competition. 

b. The Shift to a Knowledge Economy 

Knowledge has become a critical com- 
modity in the global economy, diminishing 
the importance of natural resources and 
low-cost labor. Industries based primarily 
on knowledge and fast-moving technology, 
such as computers, semiconductors, syn- 
thesized materials and biotechnology, are 
becoming new basic industries, reducing 
the relative importance of those based on 
natural resources. 


In the knowledge economy, progress is 
astonishingly fast. Electronics, semicon- 
ductors, and computers have been develop- 


ing rapidly for thirty years, and show no 
signs of stopping. Biotechnology is begin- 
ning an evolution that may be just as impor- 
tant and just as fast. So is manufacturing 
technology — a field we have neglected, but 


our competitors have not. 


To compete, new knowledge must be both 
created and then applied quickly and 
economically to create new products and 
processes. Failing this, the economic 
benefits will be largely lost to others. In- 
novating faster and more effectively than 
one’s competitor is the key to prosperity. 


Il. The Status of American Science 


The National Science Board finds many 


° Our R and D effort remains the largest 
and strongest in the world. ! 

e Since 1980, the number of Americans 
employed in science and engineering 
has risen twice as fast as employment 
in general.” 

e We have recognized that women and 
minorities must be brought into 
science and engineering in much 
larger numbers, and begun programs 
to increase their participation. 

¢ The American public believes in the 
benefits of science and technology.® 


¢ More students are taking high school 
courses in mathematics and science.* 


e American graduate education remains 
the best in the world, with large num- 
bers of foreign students coming here 
to study.° 


e At least thirty-eight state governments 
have set up special agencies to en- 
courage science and technology as a 
key element of economic development.© 


Yet the Board also finds many trends 
that suggest weakness in our national ef- 
fort in science and technology: 


and Technology 


e In international competitions in mathe- 
matics and science, American students 
at the 5th, 9th, and 12th grade levels 
perform poorly in comparison with in- 
dustrialized nations and even some 
third world countries. ’ 


e Fewer college freshmen expect to 
major in technical subjects.® 


¢ Too few of our citizens pursue 
graduate degrees in mathematics, 


science or engineering.” 
¢ Despite much effort and some improve- 
ment, the number of minorities and 
women in science and enginee 
remains disproportionately small. 


e Although twenty years ago the United 
States had a far larger fraction of its 
labor force employed in science and 
engineering than any other country, 
today a number of our competitors 
have employment fractions com- 
parable to ours, and are increasing 
their numbers of scientists and en- 
gineers more rapidly than we are.!! 


¢ Similarly, twenty years ago our rate of 
investment in R and D, as a fraction of 


GNP, was far higher than that of any 
other country. Today Japan and West 
Germany exceed our rate, and other 
countries equal it | 


0 


ments also have major responsibilities. that address the real needs of these sectors. 


State governments have been much more Through activities of this sort universities 
active in supporting research in recent can demonstrate anew their importance to 
years, and have been major forces in bring- our national economic well-being, and en- 
ing industries and universities together in sure that they have the resources necessary 
joint projects. And the responsibility of to fulfill their historic missions. 
state and local governments for most pre- 
college and undergraduate education 
means that they must take the lead in 1. Science and Engineering Indicators - 1989, pp. 3. 
addressing those problems. oe. Mt we. 008-48. 
Industry's interest in having available a 3. Id. pp. 170-72. 
well educated workforce, able to deal effec- 4. Id. pp. 32-33. 
tively with modern technology, has led it al- 5. Id. p. 53. 
ready to spend substantial sums in support 6. Id. p. 100. 
of local education, and its interest in the a eS ee 
latest technology has led it into cooperative 9. Id. pp. 10, 53-55. 
relations with universities. These trends 10. Id. pp. 7, 67-69. 
should be encouraged and expanded 11. Id. pp. 80-81. 
wherever possible. 12. Id. pp. 3, 96. 
Finally, universities must reach out to in- i. Gttine annd Gagheenrteg Indientare - 3007. p. 
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e Comparing only civilian-oriented 
R and D, our rate of investment, as a 
fraction of GNP, is only about two- 
thirds that of Japan and West Ger- 


We should take action to correct the 
weaknesses in this mixed picture of the 
state of American science and technol- 
ogy. What should we do? 

First, although the individual investigator 
remains the mainstay of scieritific inquiry, 
modern science and engineering research is 
more organized, capital intensive, multidis- 
ciplinary and cooperative than in the past. 
Our universities must adapt to meet this 
need. 

Second, we must dramatically improve 
precollege and undergraduate education. 
Only a well educated work force can exploit 
new knowledge effectively, and only a tech- 
nically competent population can deal with 
the political issues that modern technology 
raises. 

e Our schools must put first priority on 
basic education. Students should be 


required to take science and mathe- 
matics throughout high school. 


© We need better science and mathe- 
matics teachers, and we need more of 
them. To get them we must be willing 
to pay what they are worth. 


e Undergraduate science and engineer- 
ing needs major improvement, espe- 
cially in areas such as research 
opportunities and instrumentation. 


Third, we must persuade more of our best 
students to study science and engineering, 
at both undergraduate and gracuate levels. 
Scientists and engineers are our research- 
ers and teachers. They generate the knowl- 
edge that makes technological innovation 
possible. And in a modern technological 


many. And civilian-oriented R&D is 
by far the most important in economic 
terms. !* 
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IV. Necessary actions 


society, more people with technical training 
should be leaders in business, government, 
and the professions. 

Persuading enough qualified people to un- 
dertake the rigorous training this requires 
will be a continuing problem. The number 
of students of college age will continue to 
decline until almost the end of the century. 
A larger proportion of the labor force will be 
women and minorities, who have historical- 
ly not been attracted to science and en- 
gineering. Only a concerted effort with 
special programs can meet this challenge. 

Part of the answer also must be an ex- 
panded prograin of graduate fellowships 
and traineeships — sufficient to provide in- 
centives to the best science or engineering 
students to undertake graduate study. We 
will face serious shortages of research scien- 
tists and engineers if we cannot deal effec- 
tively with this problem. 

Fourth, we must greatly strengthen univer- 
sity basic research. Universities are the 
source of most of the fundamental new 
ideas that drive innovation, and of all new 
research scientists and engineers. 

But the nation has paid insufficient atten- 
tion to university basic research in the last 
twenty years. To keep us competitive with 
other countries, investment in it should 
keep pace with growth in the high-technol- 
ogy sector of the economy. This will take a 
cooperative effort involving both the public 
and private sectors. 


e Federal support for academic research 
and development, as a fraction of 
GNP, is no higher than it was in 
1968.'* Relative to the size of the 


high-technology sector of the economy 
— which depends on it uniquely — 
university basic research has declined 
in the last decade. Furthermore, the 
growth that has occurred has been 
mainly in the life sciences — impor- 
tani for health and biotechnology but 
less important for international com- 
petitiveness than the physical sciences 
and engineering. 

Fifth, we must develop better cooperation 
among industry, universities, and govern- 
ments. Although universities create the 
new ideas and educate the people, iridustry 
turns ideas into products and thus drives 
economic growth. Research that is not 
rapidly incorporated into new products and 
processes faiis to achieve its economic 
potential. 


e Bridging the gap between industry 
and universities is an area in whici: 
government can lead. One good idea 
was the development over the last five 
years of multi-disciplinary science and 
engineering centers on university cam- 
puses. These centers do basic re- 
search in economically important 
areas, and help educate students in 
practical industrial problems. 


Sixth, we must encourage greater interna- 
tional cooperation and sharing in basic re- 
search. This is fundamentally a function of 
the spread of science and engineering 
capabilities around the world. We can 


The remedies suggested can only be 
accomplished by a cooperative effort 
among all concerned sectors. 

Although the National Science Founda- 
tion is the only agency whose sole respon- 
sibility is the health of American science 
and engineering, many other agencies play 


no longer depend entirely on our own 
resources to stay ahead. 


e Young scientists and engineers must 
prepare themselves to work in a global 
environment through study of foreign 
languages and cultures and experi- 
ence in foreign research sites. 


e In basic research, open communica- 
tions among researchers in ail nations 
must remain the rule. More active ex- 
change programs can help develop the 
personal contacts on which such com- 
munications depend. 


e More international sharing of the costs 
of expensive research facilities like tele- 
scopes is desirable. 


e Coordinated use of national facilities 
such as satellites, ships, and aircraft 
can increase the effectiveness of large 
observational programs, especially in 
the geosciences. 


e Increasing economic integration in 
Europe raises the possibility that 
cooperative research activities there 
will become less accessible to 
American scientists and enginecrs. 
Fair reciprocal arrangements for par- 
ticipation in such programs are impor- 
tant. A special effort to strengthen 
cooperation with Western Europe is 
thus desirable. 


e Adequate protection of intellectual 
property rights in all countries is a 
critical need. 
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important roles in this area. The Board 
strongly urges all Federal agencies with 
a mission in this area to address the 
remedies suggested in a cooperative 
manner. 

Beyond the Federal government, however, 
industry, the universities, and state govern- 
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